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ABSTRACT
To study the physiological and biochemical effects of 
pollen sources on fruit growth and development of southern 
highbush blueberry (Vaccinium corymbosim hybrids) , five-year 
old 'Sharpblue' plants were grown in a greenhouse for self- 
and cross-pollination experiments.
Cross-pollination with 'Gulfcoast' and 'O'Neal' as 
pollen sources increased fruit weight by 58.2% and 54.9%, 
respectively, compared to self-pollination. Cross­
pollination doubled the number of mature ovules, and 
increased their size by 14%.
Ovule abortion occurred between 5 and 10 days after 
pollination {DAP) in both pollination treatments. More 
abortion occurred in self-pollination (35%), compared with 
cross-pollination (22% for 'Sharpblue' x 'O'Neal' and 29% for 
'Sharpblue' x 'Gulfcoast'). More ovules (88.1%) developed 
poorly in selfed 'Sharpblue' than in crosses with 'O'Neal' 
(33.6%) and 'Gulfcoast' (50.8%). Cross-pollination resulted 
in significantly greater ovule area and fruit weight during 
early fruit development and at ripening. Ovule volume was 
maximum at 25 to 30 DAP for both pollination treatments, 
followed by an exponential fruit growth (phase II). Cross­
pollination showed a greater fruit growth rate and a shorter 
phase II. At 5 DAP, ovules from cross-pollination were 
larger, suggesting that cross pollination initiated ovule 
growth immediately after fertilization.
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Compared to 'Sharpblue', 'O'Neal' and 'Gulfcoast' had 
greater pollen viability (reflected by higher percentages of 
fluorescing pollen tetrads), significantly higher in vitro 
germination percentages of pollen tetrads and higher 
incidences of multiple pollen tubes.
Both soluble and ionically bound peroxidase activities 
were present throughout fruit development. Activities were 
very high during early development, with peaks at 10 and 20 
days after self- and cross-pollination, respectively. 
Activity was much higher for cross-pollinations. During 
rapid fruit development, peroxidase activities were low. 
Soluble peroxidase activity increased, then declined during 
ripening for both treatments. Bound peroxidase activity 
increased during the color transition from blue to dark blue, 
with a greater increase in self-pollinated fruits. Banding 
patterns of both soluble and bound isoperoxidases varied with 
pollination treatments and fruit developmental stages. 
Pollen sources alter peroxidase isozymes and activities in 
developing fruits.
ix
CHAPTER 1
INTRODUCTION
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Blueberries are native to North America, belonging to 
the section CyanococcuB of the genus Vaccinium, in Ericaceae, 
the heath family (Camp, 1945). Twenty-four species have been 
found in North America (Parrie, 1990), but cultivated 
blueberries are limited to only four species, V. corymbosum 
L. (highbush), V. angustifolium Ait. and V. myrtilloides 
Michx. (both lowbush), and V. aehei Reade (rabbiteye).
Most of the commercial highbush cultivars were developed 
from V. corymbosum L. , which is tetraploid (2n = 48)
(Galletta, 1975). Since this species is self-fertile with 
large fruit, it is considered a very important genetic 
resource in blueberry breeding. Highbush cultivars are 
mainly grown in Northeastern and Northwestern states, 
especially Michigan and New Jersey, which account for 80% of 
the total highbush cultivation.
Vaccinium ashei Reade, a rabbiteye species, is the most 
commercially important blueberry species in the southeastern 
United States. This species is hexaploid (2n = 72), and 
mostly self-infertile (Galletta, 1975). There are ten 
southeastern states including Louisiana which produce 
rabbiteye blueberry commercially. Two lowbush blueberry 
species, V. myrtilloides Michaux and V. angustifolium Ait., 
are diploid (2n = 24) and tetraploid (2n = 48) , respectively 
(Galletta, 1975). They are mainly cultivated in Maine.
Southern highbush cultivars are interspecific hybrids of 
northern highbush with native species including V. ashei
Reade and V. anguBtifolium Ait. The hybrid cultivars have 
superior fruit quality, low chilling requirement, and 
significantly shorter fruit development periods than 
rabbiteye (Lang, 1993). Rabbiteye cultivars are adapted to 
the southern United States because of their heat tolerance 
and drought resistance. Most rabbiteye cultivars ripen in 
early to late June in Louisiana, when there is competition 
with the well-established northern highbush industry (Lyrene 
and Sherman, 1977). Southern highbush cultivars bloom in 
mid-February to mid-March and ripen in early- to mid-May in 
the Southern regions (Sherman and Sharpe, 1977). 
Consequently, they are of potential economic profit to the 
southern growers.
Pollination is a prerequisite for blueberry cropping, 
because of pollen incompatibility and floral structural 
pollination barriers. The occurrence of pollination within 
the same flower is structurally discouraged by the placement 
of the stigmatic surface well above the anthers. Honeybees 
(Apis mellifera) and bumblebees are the major pollinators of 
blueberries. Pollen incompatibility exists, to various 
degrees, in the cultivated blueberries (El-Agamy et al., 
1982) . Rabbiteye cultivars are mostly self-incompatible, 
therefore, cross-pollination is critical to crop yield. 
Northern highbush blueberries are self-fertile, but they do 
show some benefits from cross-pollination. Southern highbush 
blueberry cultivars are self-fruitful, because they inherit
a large portion of germplasm from the self-fertile V. 
corymboBum species (Lang, 1993) . However, cross pollination 
can greatly enhance fruit growth and development, which 
includes high fruit set, large berry size, high fruit 
quality, and early-ripening (Lang, 1993; Lang and Danka, 
1991; Lyrene, 1989).
There are two types of self-incompatibility, 
gametophytic and sporophytic. In gametophytic systems, the 
self-incompatibility response occurs within the transmitting 
tissue of the style, characterized by a progressive slowing 
of incompatible pollen tube growth. In sporophytic systems, 
the self-incompatibility response takes place at the 
stigmatic surface, characterized by the failure of pollen 
grains to germinate (Sims, 1993).
The obvious advantage of self-incompatibility is to 
prevent expression of deleterious recessive genes. The early 
definition for incompatibility was limited to factors that 
prevent normal germination of pollen or growth of pollen 
tubes through the style (Mather, 1943). However, this does 
not hold true in blueberry species, because pollen 
germination and tube growth can occur in all types of 
blueberries and matings. Self-incompatibility is a complex 
situation in tetraploid and hexaploid blueberries. Brewbaker 
(1957) suggested that incompatibility includes any factors 
that prevent viable seed production after pollination. 
Viable seed production varies with types of blueberries.
Morrow (1943) observed a slower pollen tube growth or the 
collapse of ovules soon after fertilization, which was 
explained as self-incompatibility in highbush blueberry. In 
1947, Meader and Darrow reported that self-pollination 
resulted in smaller fruit, reduced fruit set, and later 
ripening. El-Agamy et al. (1982) suggested that fruit set
and the amount of seeds and seedlings per pollinated flower 
are the best criteria for studying incompatibility in 
blueberries.
Ovule abortion occurs in blueberry. Each blueberry 
flower has potentially about 115 ovules (Parrie, 1990, and 
Vander Kloet, 1991). However, only 10±7 viable seeds were 
found in a ripening berry in nature (Vander Kloet, 1980). 
There is a large difference between potential ovule number 
and the number of viable seeds. The majority of ovules abort 
or develop abnormally during fruit development. Three types 
of ovule abortions were described by El-Agamy et al. (1982) . 
Pollen tube growth inhibited in the style was defined as 
prezygotic abortion. The prezygotic barriers affecting ovule 
development include: 1) failure of pollen to germinate on a 
foreign stigma, 2) inability of the pollen tube to reach the 
ovule, due to excessive length of the style, or slow growth 
of the pollen tube which was unable to reach the base of the 
style before the ovary abscises, and 3) bursting of the 
pollen tube in the style. Prezygotic abortion can be 
excluded in V. corymbosum, because self pollen can easily
germinate on all stigmatic surfaces and pollen tubes grow 
rapidly to the base of the style (El-Agamy et al., 1981). 
Zygotic and postzygotic abortions are the major cause of 
incompatibility in blueberries. Pollen tube growth through 
the style was studied using fluorescent microscopy (El-Agamy 
et al., 1982). For cross-pollination, pollen tube growth 
through the styles was generally complete within 48 hr after 
pollination, irrespective of ploidy levels. In self- 
pollination, pollen tubes required 72 hr to reach the pistil 
base. Knight et al. (1964) conducted self- and cross­
pollination studies in a greenhouse. Styles were removed at 
various intervals after pollination. They concluded that 48 
to 72 hr were required for pollen tubes to grow through the 
styles after pollination, dependent on the temperature.
Peroxidases in Plant Growth and Development
Peroxidases are the most studied but the least 
understood enzymes in plants, so far. They are postulated to 
be involved in plant metabolism in many capacities. Many 
physiological processes are associated with peroxidases, such 
as lignin biosynthesis, ethylene production, IAA degradation 
and pigment metabolism.
Peroxidase is an important enzyme in the regulation of 
plant growth and development, since it is found to be 
responsible for the catabolism of auxin (Campa, 1991) . Two 
opposing hypotheses are used to elucidate the participation 
of peroxidases in plant growth and development. One of these
suggests that peroxidases control the endogenous levels of 
IAA through the formation of inactive products. Several 
lines of evidence support this hypothesis (Campa, 1991). 
First of all, IAA conjugates are the most abundant form of 
IAA found in plant tissues, suggesting that conjugation of 
IAA might be to protect IAA against oxidation from 
peroxidase, and the stimulatory growth effect of IAA is 
dependent on its protection from peroxidase attack. 
Secondly, an inverse correlation exists between the presence 
of peroxidases and caulerpin (indole-3-acrylic acid), an 
auxin found in some algae. Finally, several chloro-IAA 
derivatives are found to possess strong auxin activity 
compared to that of IAA, due to the resistance of these 
compounds to oxidation by peroxidase. The opposite 
hypothesis assumes that the physiological activation of IAA 
results from peroxidase oxidation which gives rise to an 
active intermediate that can bind to an acceptor molecule in 
the plant cell.
Peroxidases adjunctive with phenolic compounds might be 
involved in the intervention of ethylene biosynthesis 
(Macheix et al., 1990) . Monophenols were found to be one of 
the factors required for ethylene synthesis. It was also 
found that plant extracts with IAA oxidase activity catalyzed 
ethylene formation from ACC in vitro. It was speculated that 
IAA was involved in both the activity and de novo synthesis 
of ACC synthase, and the conversion of ACC into ethylene.
The ratio of M/D (monophenols to diphenols) may be related to 
the control of fruit ripening. Ethylene can mediate de novo 
synthesis of fruit ripening enzymes. It stimulates enzymes 
involved in phenolic biosynthesis, in particular 
phenylalanine ammonia lyase (PAL) and causes an increase in 
anthocyanin contents of cranberries (Macheix et al., 1990). 
Increases in PAL activity and anthocyanin contents were found 
during ripening of many fruits, such as in the skin of red 
apples and flavedo of grapefruit after ethylene treatment. 
At the stage that the color of the berries changes from red 
to blue, ethephon was used to accelerate formation of 
anthocyanin to achieve concentrated harvest of blueberries 
(Eck, 1970).
Physiological changes associated with fruit ripening 
include softening of flesh, decrease in chlorophyll, and 
increases in anthocyanins and size (Ballinger, 1970). During 
fruit ripening, particularly during the climacteric, 
peroxidases have been found to dramatically increase in 
activity along with the activity of other enzymes, i.e., 
cellulases and polygalacturonases which are usually 
associated with the ripening processes. In climacteric 
fruits (i.e., pears and tomatoes), peroxidase and IAA oxidase 
isozymes were shown to increase with progressing maturity; in 
nonclimacteric fruits, such as blueberries, where ethylene 
levels did not change noticeably during ripening, only IAA 
oxidase isozyme concentration increased, while peroxidase
isozyme concentration decreased (CRC Critical Reviews in Food 
Science and Nutrition, September, 1981, pp 85).
Peroxidase activity and isozymes were studied during 
highbush blueberry fruit development (Miesle et al., 1991). 
Peroxidase activity and isozyme patterns were investigated 
from stage 2 (light green) to stage 8 (blue) . Most 
peroxidase isozymes were found to be ionically bound to cell 
walls throughout development with the number of isozymes 
increasing with maturity. Total peroxidase activity 
increased during fruit development when expressed on a fresh 
weight basis, reaching a maximum at red berry stage and then 
declining. However, a contradictory finding was described by 
Frenkel (1972), who reported a weakening in isozyme bands 
during blueberry ripening.
The pollination process involves an interaction between 
the style tissue and the pollen tubes. This kind of 
interaction is characteristic of various kinds of metabolic 
changes which are associated with alterations in enzyme 
activities. For example, in compatible pollinated styles of 
Petunia hybrida, a number of enzymes showed an increase in 
activity, e.g., glutamate dehydrogenase, alanine 
aminotransferase, citrate synthase, and several glucan 
hydrolases (Bredemeijer, 1986). Gaspar et al. (cited by
Bredemeijer, 1986) suggested that peroxidase may be suitable 
as a model enzyme for studying the pistil-pollen interaction, 
based on the fact that peroxidases perform a wide variety of
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catalytic functions that may play a role in the physiological 
events following pollination.
In 1967, Pandey (cited by Bredemeijer, 1986) tried to 
interpret the incompatibility reaction of Nicotiana alata in 
terms of peroxidase isoenzyme activity. He assumed that 
peroxidase was the hypothesized S-protein (specified by the 
structural part of the S-gene), based on the fact that each 
allele of styles has its own specific peroxidase isozymes.
Southern highbush cultivars are ideal materials for 
pollination and isozyme studies, because they are hybrids 
with diverse germplasm. They inherited a great proportion of 
self-fertile germplasm from V. corymbosum (northern 
highbush) , a range from 54 to 87% (Lang, 1993) . They also 
acquired significant proportions of self-unfruitful germplasm 
from native species. They had 0 to 13% from V. ashei, 6 to 
31% from V. darrowi, and 0 to 14% from V. angustifolium 
(Lang, 1993). The diversity in germplasm of southern 
highbush varieties may affect physiological and biochemical 
characteristics of self- and cross-pollinated berries during 
fruit development.
In this research project, 'Sharpblue' was used as a 
fruiting cultivar, and 'Gulfcoast ' and 'O'Neal' as cross 
pollen sources to examine the effects of self- and cross­
pollination on ovule and fruit development (Chapter 2) . 
'O'Neal' and 'Gulfcoast' have a higher proportion of self- 
fruitful germplasm and a lower proportion of self-unfruitful
germplasm than 'Sharpblue' (Appendix 4) . Although a few 
independent studies were already made on 'Sharpblue' 
pollination, these studies mainly focused on the effects of 
cross-pollination versus self-pollination on fruit set, fruit 
development period and fruit weight (Lang and Danka, 1991; 
Lyrene, 1989; and El-Agamy et al. , 1981) . The objectives of 
the research described in Chapter 2 were to focus on the 
effects of pollen sources on ovule and berry development, the 
correlation of the mature or immature ovule number with berry 
fresh weight and also the correlation of the mature or 
immature ovule area with berry fresh weight, to study how 
ovule development contributes to berry fresh weight.
Ovule abortion in blueberry was reported in many studies 
(Chapter 2; El-Agamy et al., 1982; Vander Kloet, 1991). El- 
Agamy described ovule abortion in blueberry to occur at 
zygotic and postzygotic levels. Since mature ovule number is 
associated with fruit size, fruit ripening date, fruit set, 
and fruit quality, the physiological studies of early ovule 
growth and development after pollination might provide 
insight into better elucidating the influence of ovule 
development on fruit development. Therefore, the objectives 
of the research in Chapter 3 were; 1) to determine if ovule 
abortion in southern highbush blueberry occurs at the zygotic 
or postzygotic level; 2) to find out how pollen sources 
affect ovule development throughout fruit development; and 3)
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to elucidate the correlation of ovule development with fruit
development during the whole period of fruit development.
To further investigate the effects of pollen sources on
ovule and fruit development, pollen germination ability and
viability of 'Sharpblue', 'O'Neal' and 'Gulfcoast' were
studied in Chapter 4. Pollen viability was evaluated using
enzymatically induced fluorescence. Pollen germination
percentage and incidence of multiple pollen tubes were also
determined by in vitro culturing of pollen tetrads on
nutrient agar and counting with aid of a light microscope.
Finally, to correlate biochemical effects of pollen
sources on fruit growth and development of southern highbush
blueberry, studies on peroxidase activity and isozyme
patterns of self- and cross-pollinated 'Sharpblue' fruits are
reported in Chapter 5. Soluble and ionically bound
peroxidase activities, as well as their isozyme bands were
determined at various developmental stages after pollination.
Histological localization of peroxidase activity during fruit
development was also studied using tissue printing.
Literature Cited
Ballinger, W.E., E.P. Maness, and L.J. Kushman. 1970. 
Anthocyanins in ripe fruit of the highbush blueberry, 
Vaccinium corymbosum L. J. Am. Soc. Hort. Sci. 95:283-285.
Bredemeijer, G. M.M. 1986. Peroxidase and pollination. In: 
Molecular and physiological aspects of plant peroxidases. 
Greppin, H. , C. Penel, and Th. Gaspar, Eds. University of 
Geneva Switzerland, pp 317-331.
Brewbaker, J.L. 1957. Pollen cytology and self- 
incompatibility systems in plants. J. Hered. 48:271-277.
13
Camp, W.H. 1945. The north American blueberry with notes on 
other groups of Vacciniaceae. Brittonia 5:203-275.
Campa, A. 1991. Biological roles of plant peroxidases: Known 
and potential functions. In: Peroxidases in Chemistry and
Biology, Vol II, J. Everse, K.E. Everse and M.B. Grisham. 
Eds., CRC Press, Boca Raton, pp. 25-50.
Eck, P. 1988. Blueberry science. Rutgers University Press, 
New Brunswick, N.J.
Eck, P. and N.F. Childers, 1966. The blueberry industry, pp. 
3-13. In P. Eck and N.F. Childers (eds.), Blueberry culture. 
Rutgers Univ. Press, New Brunswick, N.J.
El-Agamy, S.Z.A, W.B. Sherman, and P.M. Lyrene. 1982. Pollen 
incompatibility in blueberries (Vaccinium spp.). J. of 
Palynology 18:103-112.
El-Agamy, S.Z.A, W.B. Sherman, and P.M. Lyrene. 1981. Fruit 
set and seed number from self- and cross-pollinated highbush 
(4x) and rabbiteye (6x) blueberries. J. Am. Soc. Hort. Sci. 
106:443-445.
Frenkel, C. 1972. Involvement of peroxidase and indole-acetic 
acid oxidase isoenzymes from pear, tomato, and blueberry 
fruit in ripening. Plant Physiol. 49:757-763.
Galen, C. and R.H. Ploewright. 1987. Testing the accuracy of 
using peroxidase activity to indicate stigma receptivity. 
Can. J. Bot. 65:107-111.
Galletta, G.J. 1975. Blueberries and cranberries. In J. 
Janick and J.N. Moore (eds.), Advances in Fruit Breeding. 
Purdue University Press.
Knight, R.J., and D.H. Scott. 1964. Effects of temperatures 
on self- and cross-pollination and fruiting of four highbush 
blueberry varieties. Proc. Amer. Soc. Hort. Sci. 85:302-306.
Krebs, S.L. and J.F. Hancock. 1988. The consequences of 
inbreeding on fertility in Vaccinium corymbosum L. J. Amer. 
Soc. Hort. Sci. 113:914-918.
Lang, G .A. and R.G. Danka. 1991. Honey bee-mediated cross- 
vs. self-pollination of "Sharpblue' blueberry affects fruit 
development period and fruit size. J. Amer. Soc. Hort. Sci. 
116:770-773.
Lang, G.A, 1993. Southern highbush blueberries: physiological 
and cultural factors important for optimal cropping of these 
complex hybrids. Acta Horticulturae 346:72-80.
14
Lyrene, P.M. 1989. Pollen source influences fruiting of 
'Sharpblue' blueberry. J. Amer. Soc. Hort. Sci. 114:995-999.
Lyrene, P.M. and W.B. Sherman. 1977. Breeding blueberries for 
Florida: accomplishments and goals. Proc. Fla. St. Hort. Soc. 
90 :215-217.
Macheix, J.J., A. Fleuriet and J. Billot. 1990. Changes and 
metabolism of phenolic compounds in fruits. CRC Press, Boca 
Raton, pp. 149-238.
Mather, K. 1943. Specific differences in Petunia. 1. In­
compatibility . J. Genet. 45:215-235.
Miesle, T.J., A. Proctor and L.M. Lagrimini. 1991. Peroxidase 
activity, isoenzymes, and tissue localization in developing 
highbush blueberry fruit. J. Amer. Soc. Hort. Sci. 116:827- 
830 .
Moore, J.N. 1993a. The Blueberry industry of north America. 
Acta Horticulturae 346:15-26.
Moore, J.N. 1993b. Blueberry cultivars of north America. 
HortTechnology 3:370-374.
Morrow, E.B. 1943. Some effect of cross-pollination versus 
self-pollination in the cultivated blueberry. Proc. Amer. 
Soc. Hort. Sci. 42:469-472.
Parrie, E.J. 1990. Pollination of hybrid southern highbush 
blueberries (Vaccinium corymbosum L.) . Master thesis. 
Louisiana State University.
Sharpe, R.H. and G.M. Darrow. 1959. Breeding blueberries for 
the Florida climate. Fla. State Hort. Soc. 72:308-311.
Sims, T.L. 1993. Genetic regulation of self-incompatibility. 
Critical Reviews in Plant Sciences 12:129-167.
Vander Kloet, S. P. 1980. The taxonomy of the highbush 
blueberry, Vaccinium corymbosum. Can J. Bot. 58:1187-1201.
Vander Kloet, S. P. 1991. The consequences of mixed 
pollination on seed set in Vaccinium corymbosum. Can. J. Bot. 
69 :2448-54.
CHAPTER 2
EFFECTS OF POLLEN SOURCES ON OVULE AND BERRY 
DEVELOPMENT OF SOUTHERN HIGHBUSH BLUEBERRIES
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Introduction
Pollination strongly influences fruit set and 
development of blueberry crops. In 1921, Coville realized 
the benefit of cross-pollination to crop yield. Since then, 
many studies have illustrated the importance of cross­
pollination to blueberry cropping (Morrow, 1943; Meader and 
Darrow, 1947; Lang and Danka, 1991; Harrison et al., 1993). 
Rabbiteye blueberries absolutely require cross pollination 
for fruit set and development (Meader and Darrow, 1944). 
Northern highbush blueberries are self-fertile, but they do 
show some benefits from cross-pollination (Meader and Darrow, 
1947; Baily, 1938; Morrow, 1943; White and Clark, 1939; 
Brewer and Dobson, 1969). However, one exception reported by 
Merrill and Johnston (1940) did not show any effect of cross­
pollination on fruit set and fruit size. The benefits 
reported for cross-pollination include: improvements of fruit 
set, fruit size and number of developed seeds, and earliness 
of fruit ripening. Although in hybrid southern highbush 
blueberry cultivars, both self- and cross-pollination can 
achieve fruit set and development, cross pollination can 
generally increase fruit set (Lyrene, 1989), fruit size, 
well-developed seed number, and earliness of berry ripening 
(Lang and Danka, 1991; Lyrene, 1989) .
Southern highbush cultivars are interspecific hybrids of 
native southern blueberry species, i.e., V. ashei Reade, with 
the northern highbush species. The hybrid cultivars inherit
fruitful characteristics from V. corymbosum species. 
However, they are also subject to various degrees of 
inbreeding depression, due to the incorporation of self­
unfruitful genes from the native species, V. angustifolium, 
V. ashei, V. darrowi and V. tenellum (Lang, 1993) . 
Therefore, in southern highbush, fruit set and development 
are strongly dependent on pollen sources and levels of 
pollination. Pollen sources are major limitations to ovule 
and fruit development of southern highbush blueberry 
varieties.
Southern highbush cultivation has increased in the 
southern regions of the country in the past 10 years, because 
these hybrids have unique characteristics, such as low 
chilling requirements, improved adaptability to upland soils, 
and short Fruit Development Periods (FDP, the number of days 
from anthesis to ripening). 'Sharpblue' is one of the 
leading cultivated southern highbush varieties (Moore, 1993) . 
In 1989, it accounted for 90% of the 700 acres of southern 
highbush in Florida, and 400 acres of 'Sharpblue' have been 
planted in eastern Australia (Lyrene and Sherman, 1992). 
Very little has been documented about the effects of pollen 
sources on ovule and berry development in 'Sharpblue'. Thus 
far, only a few studies have been made on pollination of 
'Sharpblue'. These studies concentrated mainly on the 
effects of cross-pollination versus self-pollination on fruit 
set, earliness of berry ripening, and berry fresh weight,
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and their results were quite different {Lang and Danka, 1991; 
Lyrene, 1989; El-Agamy et al., 1981). These differential 
results were probably caused by differences in plant age and 
pollination methods. The objectives of this study are 1) to 
focus on the effects of pollen sources on ovule and berry 
development, and 2) to exploit how ovule development affects 
berry fresh weight.
Materials and Methods
Three southern highbush blueberry varieties were used 
for the study: 'Sharpblue' (SB) as fruiting variety, and
'Gulfcoast' (GC), 'O'Neal' (ON) and 'Sharpblue' as pollen 
sources. Potted 5-year old plants were moved from a lath 
house into a 0°C coldroom in early January, 1993 to provide 
sufficient chilling hours and synchronize blooming periods. 
The pollen source plants were placed in the greenhouse to 
force flowering in mid-March. During the blooming period, 
flowers were picked daily. Anthers with filaments were 
collected, using forceps, and placed in a 32°C oven for two 
days to allow pollen to dehisce. Pollen and debris were 
separated using a 200 /im screen. The collected pollen was 
stored at 4°C up to four weeks. Pollen tetrad germination 
rate was tested following the procedures described by Lang 
and Parrie (1992) prior to pollination. There was no 
significant loss in pollen tetrad germination rate. Eight 
fruiting plants {'Sharpblue') were placed in the greenhouse 
at the end of March. The plants were watered every other day
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and fertilized in mid-April with a 30N-10P-10K water soluble 
fertilizer. The pollination treatments were shown in Table 
1. The three pollination treatments were applied randomly on 
each plant.
To optimize the experimental conditions and minimize the 
experimental errors, the pollination studies were carried out 
as follows: only the buds located at the middle-outside of 
the canopy were chosen for study, and only flowers that 
opened on the same day were pollinated. Pollination started 
on April 21 and ended on April 30. Four to five flowers per 
bud were emasculated by removing the corolla and stamen ring 
with forceps. The unopened flowers were removed. Pollen was 
applied manually onto the stigmatic surface of the pistil 
twice a day, early in the morning and late in the afternoon. 
Separate camel hair brushes were used for each pollen source 
to exclude mixed-pollination, which happens in the case of 
honey-bee-mediated cross-pollination. The number of flowers 
pollinated, the pollen sources and the pollination date were 
recorded with colored tape. Berries were randomly harvested 
at the dark-blue stage. Individual berry fresh weight was 
taken immediately after each harvest. The samples were 
placed in a freezer (-80°C) until ovule collection and 
analysis.
The sample size was 15 individual berries for each 
pollination treatment. They were divided randomly into three 
replicate groups. Berries were dissected, using a scalpel.
All the ovules were placed carefully into deep-wells 
{Carolina Biological Supply Company, Burlington, NC) and 
counted with the aid of a fine pair of forceps and a 
magnifying lens. Ovules were classified into two groups, 
mature and small, based on their size, appearance, surface 
texture, color and plumpness. Mature ovules were large and 
plump with brown surface texture, whereas the small ovules 
were small in size and flat with a whitish surface appearance 
as shown in Fig 1. The small ovules could be either poorly- 
fertilized or un-fertilized. The ovule number of each group 
was counted using a dissecting microscope. Ovule samples 
were photographed at lx on Kodak technical pan film, and 
printed onto Ilford polycontrast paper at known enlargement. 
The ovule areas were calculated using standard morphometric 
techniques (Sundberg, 1984). A computer program, FreeLance, 
was used to establish linear regression equations for the 
ovule number and area with berry fresh weight. Data were 
analyzed as a completely random design with replications 
nested within pollen sources. Analyses of variance were 
carried out using SAS for the berry fresh weight, ovule 
number and area, and individual ovule size. Also, linear 
regression analysis (SAS) was used to estimate relative 
coefficients of determination (R2) for ovule numbers and area 
with berry fresh weight, and to test if the corresponding 
slopes were significantly different from zero.
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Results and Discussion
The influence of ovule development on berry fresh weight
In this study, both cross- and self-pollination showed 
good correlations between fruit fresh weight and number or 
area of mature ovules, but weak correlation between fruit 
fresh weight and number or area of small ovules {Fig. 3, Fig. 
4 and Table 2) . This evidence supported our original 
hypothesis that the difference in berry fresh weight was 
contributed mainly by the full development of ovules, which 
were influenced by pollen sources. Cross-pollen stimulated 
zygote formation and subsequent development, which could be 
demonstrated by the number and area of well-developed ovules 
(Fig. 2A and 2B, and Table 1) . Since ovules derived from 
cross-pollination have a different genetic makeup than those 
from self-pollination, the difference in genetic makeup must 
reveal the difference in contribution to berry fresh weight. 
This hypothesis was supported by the results of the regressor 
T-test (Table 3). The slopes of fruit weight versus mature 
ovule number and area were significantly different from zero 
in both cross- and self-pollination. This trend was greater 
for mature ovules in the case of cross-pollination. Although 
correlations between berry size and seed number were 
complicated by many other factors, such as species, 
varieties, and tree ages, the correlations were generally 
strong. A good correlation between berry size and seed
Table 1. Effects of pollen sources on berry and ovule development 
of 'Sharpblue' blueberry.
Pollen
treatment
Fresh
weight
(g)
Mature ovules Immature ovules Total ovules
Number Area
(mm2)
Number Area
(mm2)
Number Area
(mm2)
SB x GC 1.93 a 18.9 a 32.9 a 47.2 a 24.5 a 66.1 a 57.3 a
SB x ON 1.89 a 18.7 a 31.4 a 38.1 a 14.8 b 56.8 a 45.1 ab
SB x SB 1.22 b 9.1 b 14.3 b 52.2 a 24.5 a 61.3 a 38.8 b
Standard deviations
SB x GC 0.45 4.8 8.6 14.9 5.9 15.5 19.2
SB x ON 0.32 3.5 9.2 16.0 6.9 20.1 14.3
SB X SB 0.27 2.6 5.5 17.1 8.3 20.6 16.9
Means separated by Duncan's Multiple Range Test at P s 0.05. 
Same letters mean no differences between treatments.
Table 2. Correlation coefficients (R2) of fruit weight vs. ovule 
number or area of 'Sharpblue' blueberry fruit derived from three 
pollen sources.
Pollination Ovule Number Ovule Area (mm2)
treatments Mature Immature Total Mature Immature Total
SB x GC 0.84 0.16 0.08 0.72 0.04 0.10
SB x ON 0.87 0.01 0.24 0.74 0.02 0.67
SB x SB 0.92 0.37 0.51 0.87 0.27 0.56
tou>
Table 3. Analysis of ovule numbers and areas of 'Sharpblue blueberry 
fruit derived from three pollen sources using regressor T-test.
Pollination Ovule Number Ovule Area (mmz>
treatments Mature Immature Total Mature Immature Total
SB x GC 
SB x ON 
SB x SB
0.058**'
0.057***
0.024**
0.000
0.009
0.000
0.000
0.009*
0.010*
0.038**’
0.033***
0.015**
0.000 0.004 
0.011 0.011* 
0.002 0.012*
*** means P <s 0.001, ** means P s 0.01, and * means P s 0.05.
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number has also been reported in some northern highbush and 
rabbiteye varieties {Moore et al., 1972).
Fruit weight
Cross-pollination with 'Gulfcoast' and 'O'Neal' as 
pollen sources increased fruit weight by 58.2% and 54.9% 
compared to self-pollination (Table 1) . Lyrene (1989) 
reported an average fruit weight (1.66 g) of 'Sharpblue' 
cross-pollinated with 'O'Neal' that was 14% less than that 
reported here (1.89 g). However, our self-pollinated fruits 
were 44% larger than those in Lyrene's greenhouse study. 
This may be due to the influence caused by pollination 
levels. Lyrene only applied a single pollination, but we 
pollinated a single flower twice within the same day. The 
mean fruit weight of cross-pollination was much larger than 
those reported by Lang and Danka (1991). Their cross­
pollination of 'Sharpblue' with 'Gulfcoast' was a honey-bee- 
mediated pollination, which actually was a mixing of cross- 
and self-pollination; Lyrene (1989) had reported earlier that 
a 1:3 mix of cross- and self-pollen resulted in intermediate 
fruit weight.
Effects of pollen sources on ovule development
Ovules were categorized into two groups, mature and 
small ovules based on size, appearance and plumpness. In 
addition to the two categories of ovules, analysis was also 
done on the pooled totals. Our results indicated that cross­
pollination did not significantly affect the total number and
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small number of ovules (Table 1), but doubled the number of 
mature ovules (Fig. 1A and Table 1). However, the influence 
of cross-pollen on ovule area and size showed different 
patterns compared to self-pollen (Fig. IB, Tables 1 and 4). 
On per berry basis, 'Sharpblue' crossed with 'Gulfcoast' and 
'O'Neal' increased the mature ovule area by 130% and 120%, 
and the total ovule area by 48% and 16%, respectively. The 
increase of ovule area resulted from the increase of 
individual ovule size due to cross-pollination. 'Sharpblue' 
crossed with 'Gulfcoast' led to a significant increase in 
size of both mature and small ovules, but 'Sharpblue' crossed 
with 'O'Neal' only resulted in a difference in mature ovule 
size, compared to self-pollen (Table 4) . According to Parrie 
(1990), a newly-opened 'Sharpblue' flower had an average of 
112 ovules. Similar results were also reported by Vander 
Kloet (1991) . In Vaccinium species, each flower has five 
locules, each of which contains approximately 23 ovules. 
However, our study indicated that only about 60 ovules were 
present in a ripening fruit, which showed no difference 
between cross- and self-pollination (Table 1). Furthermore, 
our cross-pollination treatments greatly increased the number 
and size of mature ovules. These facts imply that a similar 
post-fertilization mechanism might control zygote formation 
in both self- and cross-pollination, since ovule abortion 
occurs, to the same extent, in both self- and cross­
pollination. Self-incompatibility of pollen may result in
Table 4. Effects of pollen sources on ovule size (mm2) in 'Sharpblue' 
blueberry.
Pollination
treatments
Mature
ovules
Immature
ovules
Total
ovules
SB x GC 1.78±0.39 a 0.59±0.20 a 1.00±0.34 a
SB x ON 1.63+0.31 ab 0.41±0.14 b 0.81*0.18 b
SB x SB 1.56±0.17 b 0.46±0.09 b 0.62*0.08 c
Means separated by Duncan's Multiple Range Test at P s 0.05. 
Same letters mean no differences between treatments.
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the differences in the number and size of mature ovules,
which, in turn, influences the eventual berry fresh weight.
The results and discussions above imply that ovule
abortion occurred in both self- and cross-pollination during
fruit development. Is ovule abortion of southern highbush
blueberry a prezygotic or postzygotic phenomena? Do self-
and cross-pollination share the same pattern of ovule
abortion? How do pollen sources affect early ovule
development after pollination and fertilization? Further
experiments are required to address these problems.
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CHAPTER 3
EFFECTS OF POLLEN SOURCES ON EARLY OVULE AND 
BERRY GROWTH AND DEVELOPMENT AFTER POLLINATION
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Introduction
'Sharpblue' is the primary southern highbush cultivar in 
the southern regions of the US (Moore, 1993). By 1989, it 
accounted for 90% of the 700 acres of southern highbush 
plantation in Florida, and 400 acres have been planted in 
eastern Australia (Lyrene and Sherman, 1992). It was 
released by the University of Florida in the mid-1970's as an 
early-ripening cultivar (Sharpe and Sherman, 1976) to exploit 
early markets, since its fruit development period is about 30 
days shorter than the native rabbiteye blueberries (Lyrene 
and Sherman, 1985).
In Chapter 2, cross-pollination was shown to have 
prominent effects on fruit fresh weight and the number and 
size of mature ovules, when 'Sharpblue' ( V. corymbosum) was 
cross-pollinated with 'O'Neal' or 'Gulfcoast'. There were 
two other studies (Lyrene, 1989; Lang and Danka, 1991) on the 
effects of self-pollination, cross-pollination, and mixed- 
pollination of 'Sharpblue' blueberry. There was a
discrepancy in the results of these studies. Lyrene's 
studies showed that self-pollination resulted in a much lower 
percentage of fruit set, delayed ripening, smaller berry 
size, and fewer mature seeds compared to cross- and mixed- 
poll inat ion in greenhouse. However, Lang and Danka (1991) 
reported that cross-pollination increased fruit size by 14%, 
mature seed count by 27%, and the harvest percentage of early 
ripening fruits by 140%, but had no influence on fruit set.
'Sharpblue' has a very complicated pedigree, consisting 
of 54% V. corymbosum, 31% V. darrowi, and 13% V. ashei, and 
2% V. angustifolium (Lang, 1993) . Compared to the other 
southern highbush cultivars, such as 'O'Neal' and 
'Gulfcoast', this cultivar has a more severe degree of 
inbreeding depression, because it has a lower percentage of 
V. corymbosum germplasm. This cultivar was originally 
recommended for interplanting with 'Flordablue' for cross­
pollination to optimize best fruit set and development 
(Sharpe and Sherman, 1976). It also has self-fertility, to 
some extent. For example, solid block 'Sharpblue' plantings 
were recommended to the commercial growers during the past 10 
years of release (Lyrene, 1986). Its complex pedigree has 
made it difficult to understand pollination physiology and 
fruit development, on which little is known. The previous 
studies focused primarily on the effects of pollen source on 
the number of mature ovules, which correlated with fruit 
ripening, fruit size and fruit set. No information is 
available about the effects of pollen sources on early 
physiological and developmental events of fruit and ovules. 
The objectives of the studies in this chapter were to: 1) 
study the effects of 'Sharpblue' self- and cross-pollination 
on ovule and fruit development at early stages after 
pollination, and 2) investigate how early ovule development 
influences fruit growth and development.
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Materials and Methods
Seven-year old 'Sharpblue' plants were used in this 
study. Pollen sources were 'O'Neal', 'Gulfcoast' and
'Sharpblue'. Plants of uniform size and vigor were 
transplanted into 37-liter pots in mid-January, 1995. The 
plants were trimmed and stored at 7°C to ensure sufficient 
chilling for the plants. On March 21, the plants were
fertilized with Osmocote (100 g/pot, 18N-6P-12K) and placed 
in a greenhouse to force flowering. Bloom was monitored on 
a daily basis.
In order to minimize the effects of plant age, vigor, 
and bud location on ovule and berry development, several 
aspects were taken into consideration during pollination: 1) 
plants of uniform size and vigor were designated as fruiting 
plants; 2) inflorescences located at the mid-outer canopy 
were chosen; 3) pollination was made on flowers of similar 
physiological ages; 4) only 4 to 5 flowers were pollinated on 
a single inflorescence (the remaining flowers were removed); 
and 5) each individual experiment was finished within the 
same day.
Flowers were emasculated using forceps to remove 
stamens. Fresh pollen was collected onto a thumbnail by 
shaking an opened flower in an inverse direction. 
Pollination was done by gently touching the stigmatic surface 
of an emasculated flower with the pollen grains loaded on the 
thumbnail.
Flowers pollinated on April 7 were used for studies of 
early ovule and berry development. The pollination 
treatments were: 1) selfed 'Sharpblue', 2) crossed
'Sharpblue' with 'O'Neal', and 3) crossed 'Sharpblue' with 
'Gulfcoast'. All the pollination treatments were applied
randomly in a single bush. Several parameters were studied 
between pollination treatments as well as at various 
developmental stages. These were ovule number per berry, 
ovule area per berry, mean fresh weight per berry and 
individual ovule size. Samples were collected at anthesis {0 
DAP), 5, 10, 15, 20, 25, 30 DAP and ripening. At each
sampling date, four berries (used as four replications) were 
picked for each pollination treatment. Ovules were separated 
from fresh fruit tissue with the aid of a scalpel and 
forceps, and counted under a dissecting microscope. Ovules 
from various developmental stages were photographed with 
Kodak technical pan film, and printed onto Ilford 
polycontrast paper at the same magnifications. Ovule area 
was calculated using standard morphometric techniques 
(Sundberg, 1984). The experimental model for data analysis 
was a complete randomized design with four replications. 
Data analysis was carried out by a general linear model 
procedure (SAS institute, 1985). Mean separations were 
conducted by Duncan's multiple range test at P a  0.05.
Another experiment was conducted on 9 April for 
investigating the correlation of number of pollen grains
transferred onto the stigmatic surface of each flower with 
ovule and berry development. The treatments were selfed 
'Sharpblue' and crossed 'Sharpblue' with 'Gulfcoast' . Thirty 
flowers were pollinated for each treatment. Only one flower 
per cluster with similar physiological age was pollinated. 
The rest of the flowers were removed. The transferred pollen 
tetrads were quantitated using a dissecting microscope (3Ox) . 
The quantification procedures were as follows: 1) fresh
pollen was placed on a 22 x 40 mm cover slide; 2) a square 
(about 2x2 mm) was made using a marking pen; 3) the number of 
pollen tetrads within the square was counted; 4) after pollen 
was transferred, the remaining pollen tetrads within the 
square were counted again. Berries were harvested at 
ripening. Total and mature ovule number was counted.
Plants of 'Sharpblue' were self- and cross-pollinated 
(O'Neal) on 4 and 8 April, respectively, with the objective 
of evaluating the effects of temperature at pollination on 
subsequent ovule and berry development. Twenty flowers were 
pollinated for each treatment. Berries were harvested at 
ripening. The experiment was a two factorial design at two 
levels. The data were analyzed by a general linear model 
procedure (SAS institute, 1985) . Mean separations were done 
by individual degree-of-freedom contrasts.
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Results
Berry growth patterns were different between self- and 
cross-pollinations. There was no significant increase in 
fruit fresh weight in self-pollinated berries from 5 to 15 
DAP, whereas a difference was observed at 10 DAP in cross­
pollinated 'Sharpblue' fruits with both 'O'Neal' and 
'Gulfcoast' {Table 5 and Table 6). There was a significant 
increase in berry weight from 15 to 20 DAP, and from 25 to 30 
DAP, respectively, for all the treatments, with a greater 
increase in cross-pollinations. Berry fresh weight showed no 
significant increase from 20 to 25 DAP for all the 
treatments. An exponential fruit growth rate occurred after 
30 DAP for all the treatments. This period was designated as 
phase II. Cross-pollination needed about 10 days less to go 
through phase II, with a more rapid fruit growth rate 
compared to self-pollination {Fig. 6 to Fig. 9).
There was no difference in ovule number at 5 DAP in both 
self- and cross-pollinations compared to anthesis (Table 5). 
Although no significant difference was present in ovule 
number between self- and cross-pollination at 10 DAP, ovule 
number was dramatically decreased in both treatments at 10 
DAP, with a greater decrease in self-pollination (Table 5). 
There was no obvious change in ovule number in both 
treatments during the subsequent developmental stages. These 
results suggested that ovule abortion occurs between 5 and 10 
DAP, with a more severe abortion in self-pollination.
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Table 5. Comparisons of some physiological parameters 
influenced by pollen sources at various developmental stages 
of 'Sharpblue' blueberry fruit.
Days
After
Pollination
Fresh
weight
(g)
Ovule area 
per berry 
(mm2)
Ovule
size
(mm2)
Mean ovule 
number 
per berry
Sharpblue x Sharpblue
5 0.034 d 7.77 c 0.070 c 110.75 a
10 0.073 d 10.56 c 0.151 c 71.50 b
15 0.136 d 30.55 b 0.467 b 67.25 b
20 0.334 c 36.70 ab 0.567 ab 64.75 b
25 0.382 c 44.53 a 0.660 a 68.75 b
30 0.553 b 40.52 a 0.600 a 67.25 b
50 (ripe) 1.320 a 42.01 a 0.607 a 69.00 b
Sharpblue x Gulfcoast
5 0.041 e 8 .65 c 0.075 e 113.00 a
10 0.186 de 25.37 c 0.319 d 80.00 b
15 0.353 d 50.62 b 0.608 c 82.00 b
20 0.631 c 67.27 ab 0 . 814 b 82.25 b
25 0.688 c 76.47 a 0 . 898 ab 85.00 b
30 0.945 b 76.15 a 0.933 a 81.00 b
40 (ripe) 2.702 a 64.3 0 ab 0.872 ab 73.75 b
Sharpblue x O'Neal
5 0.050 e 12.09 c 0 . Ill d 108.75 a
10 0.203 de 40.01 b 0.469 c 85.25 b
15 0.327 d 53.83 ab 0.610 b 87.75 b
20 0.569 c 62.31 a 0.806 a 77.50 b
25 0.643 c 72.64 a 0 .895 a 80.00 b
30 0.951 b 70.10 a 0.870 a 80.25 b
40 (ripe) 2.715 a 64.78 a 0.841 a 76.75 b
Data were analyzed as a randomized complete design; Means comparison was 
conducted with Duncan's multiple range test at P s 0.05.
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Table 6. Comparisons of some physiological parameters between 
different pollination treatments of 'Sharpblue' fruit.
Pollination
Treatment
Fresh
weight
(g)
Ovule area 
per berry 
(mm2)
Ovule
size
(mm2)
Ovule 
number 
per berry
5 days after pollination
SBxSB 0.034 a 7.77 b 0. 070 b 110.75 a
SBxGC 0.041 a 8.65 ab 0.075 b 113.00 a
SBxON 0.050 a 12.09 a 0 . Ill a 108.75 a
10 days ;after pollination
SExSB 0.073 b 10.56 c 0.151 c 71.50 a
SBxGC 0.186 a 25.37 b 0.319 b 80. 00 a
SBxON 0.203 a 40.01 a 0.469 a 85.25 a
15 days after pollination
SBxSB 0.136 b 30.55 b 0 .467 b 67.25 b
SBxGC 0.328 a 50.62 a 0 .608 a 82 . 00 a
SBxON 0.353 a 53.83 a 0 .610 a 87.75 a
20 days after pollination
SBxSB 0.334 b 36.70 b 0.567 b 64 . 75 b
SBxGC 0.631 a 67.27 a 0.814 a 82.25 a
SBxON 0.569 a 62.31 a 0.806 a 77.50 a
25 days after pollination
SBxSB 0.382 b 44.53 b 0.660 b 68.75 a
SBxGC 0.688 a 76.47 a 0 . 898 a 85.00 a
SBxON 0.644 a 72.63 a 0 . 895 a 80.00 a
30 days after pollination
SBxSB 0.553 b 40.52 b 0 . 600 b 67.25 a
SBxGC 0.945 a 76.15 a 0 . 933 a 81.00 a
SBxON 0.951 a 70.10 a 0 .870 a 80 .25 a
Ripe
SBxSB 1.320 b 42.01 b 0.607 b 69.00 a
SBxGC 2.702 a 64.30 a 0 .872 a 73 . 75 a
SBxON 2.715 a 64.78 a 0 . 841 a 76.75 a
Data were analyzed as a randomized complete design; Means comparison was 
conducted with Duncan's multiple range test at P s 0.05.
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Fig. 5 Comparison of ovule area and berry weight during 
early growth and development of self-pollinated 'Sharpblue' 
blueberry fruit.
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Fig. 6 Comparison of ovule area and berry weight during 
early growth and development of 'Sharpblue' fruit cross­
pollinated with 'Gulfcoast'.
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Fig. 7 Comparison of ovule area and berry weight during 
early growth and development of 'Sharpblue' fruit cross- 
pollinated with 'O'Neal'.
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'Sharpblue' blueberry fruit derived from three pollen
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Significant differences were observed between self- and 
cross-pollination at 5 DAP in ovule area per berry and 
individual ovule size (Table 6) . Pollen from other cultivars 
resulted in a greater ovule area and size at 5 DAP. Cross- 
pollination can positively affect early ovule growth and 
survival, thereby initiating a greater stimulation on fruit 
growth. At corresponding DAP, cross pollination always 
resulted in a significantly greater ovule area and ovule size 
than self-pollination (Table 6) . Regardless of pollen 
sources, ovule volume reached a maximum at 25 DAP, suggesting 
that ovule volume growth occurs at early developmental stages 
after pollination. There was no significant increase in 
fruit growth at 25 DAP. Seed coat lignification probably 
occurs between 20 and 25 DAP. Ovule area and size did not 
reveal any significant changes until fruit began to ripen 
(Tables 5 and 6). A slight decrease was detected in ovule 
volume at 30 DAP and at ripening, probably due to water loss 
from mature ovules.
Data in Tables 7 and 8 indicated neither self- nor 
cross-pollination resulted in correlations of pollen grains 
deposited on the stigmatic surface with fruit fresh weight or 
ovule number. However, mature ovule number did correlate 
positively with fruit weight and negatively with FDP in both 
pollination treatments, with a better correlation found in 
cross-pollination (Figs. 10 to 14).
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Table 7. Correlation of pollen number with ovule and fruit 
development of 'Sharpblue' blueberry fruit cross-pollinated 
with 'Gulfcoast'.
Number Trt Transferred tetrads Ovule number
Before After Net FW (g) Total IM Mat DAP
1 SBxGC 298 205 93 3 .15 110 34 76 38
2 SBxGC 74 38 36 2 .19 79 61 18 43
3 SBxGC 99 35 64 1.78 20 8 12 47
4 SBxGC 146 100 46 2.73 110 59 51 40
5 SBxGC 583 164 419 2 . 07 107 89 18 45
6 SBxGC 546 397 149 2 .19 119 90 29 43
7 SBxGC 510 167 343 1.10 31 24 7 47
8 SBxGC 299 212 87 2 .14 110 33 77 40
9 SBxGC 413 154 259 2.15 103 58 45 40
10 SBxGC 289 253 36 1.31 110 99 11 50
11 SBxGC 224 191 33 1.39 84 75 9 52
12 SBxGC 137 92 45 2 .19 80 57 23 47
13 SBxGC 281 217 64 1.90 66 28 38 43
14 SBxGC 198 81 117 1.87 53 15 38 43
15 SBxGC 246 78 168 3 . 07 108 13 95 38
16 SBxGC 206 133 73
17 SBxGC 266 74 192
18 SBxGC 428 175 253 1.44 76 72 4 52
19 SBxGC 237 49 188 2 . 30 121 67 54 40
20 SBxGC 303 54 249 2 . 61 108 32 76 38
21 SBxGC 167 11 156 2 .64 117 67 50 43
22 SBxGC 320 60 260
23 SBxGC 213 77 136 1.66 94 85 9 50
24 SBxGC 406 214 192 2.50 109 51 58 40
25 SBxGC 209 21 188 2 .08 111 44 67 40
26 SBxGC 251 155 96 2.46 82 7 75 40
27 SBxGC 328 81 247 2.40 93 65 28 45
28 SBxGC 405 156 249 2 .16 120 68 52 43
29 SBxGC 341 133 208 1.44 79 72 7 50
30 SBxGC 368 222 146 2.17 84 59 25 45
Average 2 .12 39 43 .{
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Table 8. Correlation of pollen number with ovule and fruit 
development of self-pollinated 'Sharpblue' blueberry fruit.
Number Trt Transferred tetrads Ovule number
Before After Net FW (g) Total IM Mat DAP
1 SBxSB 375 62 313
2 SBxSB 248 58 190 1.46 37 28 9 52
3 SBxSB 355 238 117 1.26 24 18 6 48
4 SBxSB 345 158 187 1.57 53 44 9 51
5 SBxSB 303 76 227 0.92 65 54 11 51
6 SBxSB 589 249 340
7 SBxSB 357 187 170
8 SBxSB 350 152 198 1.22 96 90 6 51
9 SBxSB 484 52 432 1.40 97 90 7 51
10 SBxSB 328 44 284 1.31 95 89 6 53
11 SBxSB 353 51 302
12 SBxSB 585 219 366
13 SBXSB 417 189 228 1.23 80 75 5 51
14 SBxSB 201 84 117
15 SBxSB 197 41 156 1.19 50 45 5 52
16 SBxSB 261 82 179
17 SBxSB 207 40 167 0.96 27 23 4 53
18 SBxSB 161 59 102 1.54 65 59 6 55
19 SBxSB 166 37 129 1.16 38 33 5 55
20 SBxSB 178 68 110 1.08 27 24 3 55
21 SBxSB 301 114 187 1.19 37 34 3 55
22 SBxSB 397 221 176
23 SBxSB 233 84 149
24 SBxSB 248 79 169 1.12 39 38 1 61
25 SBxSB 414 117 297 0.99 22 21 2 59
26 SBxSB 212 83 129 0.83 56 53 3 56
27 SBxSB 190 95 95 0.81 48 46 2 56
28 SBxSB 283 147 136
29 SBxSB 231 53 178
30 SBxSB 208 93 115
Average 1.18 5.2 54
Net - net pollen tetrads transferred
FW - fruit weight
IM - immature ovules
Mat- mature ovules
DAP - days after pollination
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Fig. 11 Comparison of ovule area and berry weight from 
pollination to ripening for 'Sharpblue' fruit pollinated with 
'Gulfcoast' pollen.
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Fig. 12 Comparison of ovule area and berry weight from 
pollination to ripening for 'Sharpblue' fruit pollinated with 
'O'Neal' pollen.
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of 'Sharpblue' fruit pollinated with three pollen sources.
56
Data presented in Tables 9 and 10 indicate that 
temperature at pollination could be critical to subsequent 
ovule and fruit development. There was a drastic temperature 
reduction from 4 to 5 April {Pig. 19). From 8 to 9 April, 
the day temperature was 2.5 to 6.1°C higher than from April 
4 to 5. The higher temperature caused large differences in 
subsequent fruit fresh weight, total and mature ovule number, 
and fruit development period. Under the warmer conditions, 
selfed 'Sharpblue' berries increased fruit weight by 0.39 g, 
total ovule number by 25, mature ovules by 2.6, and shortened 
FDP by 2 days. The effects were more obvious in cross 
pollination. The 'Sharpblue' berries cross-pollinated with 
'O'Neal' on April 8 increased fruit weight by 0.52 g, total 
ovule number by 63, mature ovule number by 50, and decreased 
FDP by 4 days.
Discussion
Blueberry ovule abortion was reported by Darrow in 1941. 
He described that a highbush blueberry fruit could 
potentially have about 115 seeds, but many developing ovules 
were aborted during fruit development. However, he did not 
identify when ovule abortion occurred. Ovule abortion 
likewise takes place during fruit development of southern 
highbush. Parrie (1990) reported that a newly-opened
'Sharpblue' flower had an average of 112 ovules. In a 
previous study, only about 60 ovules were found in a ripen
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Table 9. Record for pollination made on Apr. 4 and 8.
Treatment PW(g) Total IM Mature DAP Pollination date
SBxSB 1.22 96 90 6 51 4-08
SBxSB 1.40 97 90 7 51 4-08
SBxSB 1.31 95 89 6 53 4-08
SBxSB 1.23 80 75 5 51 4-08
SBxSB 1.46 37 28 9 52 4-08
SBxSB 1.26 24 18 6 48 4-08
SBxSB 2.30 93 82 11 49 4-08
SBxSB 1.57 53 44 9 51 4-08
SBxSB 1.24 26 16 10 51 4-08
SBxSB 2.18 109 102 7 52 4-08
SBxSB 1.11 27 22 5 52 4-08
SBxSB 1.19 97 91 6 52 4-08
SBxSB 0.92 65 54 11 51 4-04
SBxSB 0.82 22 17 5 51 4-04
SBxSB 1.05 28 22 6 51 4-04
SBxSB 1.21 30 25 5 52 4-04
SBxSB 1. 02 72 69 3 52 4-04
SBxSB 1.10 82 78 4 53 4-04
SBxSB 0 . 96 27 23 4 53 4-04
SBxSB 1.54 65 59 6 55 4-04
SBXSB 1.16 38 33 5 55 4-04
SBxSB 1. 08 27 24 3 55 4-04
SBxSB 1. 19 37 34 3 55 4-04
SBxSB 0.96 47 44 3 54 4-04
SBxSB 0 . 84 34 31 3 54 4-04
SBXSB 1.19 50 45 5 52 4-04
SBxON 2 . 57 110 57 53 46 4-08
SBxON 2.90 104 13 91 46 4-08
SBxON 2.55 104 20 84 46 4-08
SBxON 2.77 86 7 79 46 4-08
SBxON 2.35 108 36 72 46 4-08
SBxON 2 . 52 94 7 87 46 4-08
SBxON 2.02 116 28 88 46 4-08
SBxON 2 .55 112 18 94 46 4-08
SBxON 1. 77 109 41 68 46 4-08
SBxON 2 .39 105 29 76 46 4-08
SBxON 2.21 82 44 38 46 4-08
SBxON 2 .20 101 46 55 46 4-08
SBxON 2 .10 107 42 65 46 4-08
SBXON 2 . 05 42 24 18 50 4-04
SBxON 1. 82 33 14 19 50 4-04
SBXON 1.26 25 8 17 50 4-04
SBxON 2 .20 61 24 37 50 4-04
SBxON 1.73 28 16 12 50 4-04
SBxON 2.18 52 13 39 50 4-04
SBxON 1.85 42 17 25 50 4-04
SBxON 1. 93 45 18 27 50 4-04
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Table 10. Effects of temperature at pollination on subsequent 
berry and ovule development of 'Sharpblue' blueberry.
Pollination Fresh Ovule number Da«3 to
Treatments Date weight(g) Total Mature ripening
Sharpblue x Apr .8 2.38 103 73.1 4
O'Neal Apr. 4 1.86 40 23 .4 50
Significance level * * * * * *** ***
Sharpblue x Apr. 8 1.46 70 7.3 51
Sharpblue Apr. 4 1.07 45 4.7 53
Significance level * * ** * * *
*** P s 0.001; ** P s 0.01; * P s 0.05.
Temperature records for 4 and 8 April of 1995 are shown in 
Fig. 19 (page 63).
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'Sharpblue' fruit, with no difference in total ovule number 
between self- and cross-pollination (Chapter 2) . More mature 
ovules and a greater mature ovule size were observed in 
ripening cross-pollinated 'Sharpblue' berries. These facts 
suggested that ovule abortion occurred during 'Sharpblue' 
fruit development. In this study, ovule abortion was 
observed between 5 and 10 DAP for both self- and cross­
pollinated 'Sharpblue' berries, with more severe ovule 
abortion found in self-pollination. Other studies indicated 
that self-pollination of some southern highbush cultivars 
resulted in a significant decrease in seed number and fresh 
weight, and increase in fruit development period (Gupton and 
Spiers, 1994). Many factors could account for the difference 
between potential and observed mature ovule number, 
including: 1) geitonogamy and self-pollination (Vander Kloet 
and Lyrene, 1987); 2) nutrition competition among developing 
fruits on a single florescence (Gorchov, 1985); 3) low levels 
of cross-fertilization due to low pollinator activity at 
anthesis (McGregor, 1976); and 4) poor quality pollen 
deposited on the stigma (Vander Kloet, 1983) .
Cross-pollinations resulted in a greater increase in 
ovule area (Fig. 8) and berry fresh weight (Fig. 9) at early 
stages after pollination. This indicates that cross pollen 
is genetically compatible for zygote formation and its 
subsequent growth, which is a prerequisite for fruit growth. 
Early ovule growth was generally parallel to young fruit
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growth for both kinds of pollination treatments (Fig. 5 to 
Fig. 7). Ovule volume reached its maximum at 25 or 30 DAP, 
and exponential fruit growth started at 30 DAP. The low rate 
of fruit growth occurring at early stages could be explained 
by 1) a rapid cell division and 2) ovule growth concomitant 
with berry growth.
A correlation between seed content and fruit size was
also reported in kiwifruit (Lawes et al., 1990). Seed dry
weight correlated better with fruit weight than seed number 
in kiwifruit. There was a better correlation between mature 
ovule area or number and fruit weight than total ovule area 
or number in blueberry. This suggests that ovule quality is 
obviously critical to berry size, and the poorly-developed 
ovules are apparently less effective than the well-developed 
ovules in stimulating fruit growth. Ovules might affect 
fruit growth by providing plant hormones. A large number of 
mature ovules may be a greater source of plant growth 
regulators and therefore become a stronger sink than a small 
number of mature ovules. This assumption can be supported by 
some experimental facts. Gibberellic acid (GA3) has been
used for over 15 years to increase fruit set of rabbiteye 
blueberries (Austin, 1979; Davies et al., 1979; Mainland et 
al., 1979). Recent studies indicated that fruit set and
yield of rabbiteye blueberries were increased by multiplly 
spraying of GA3 at different stages during bloom in field 
experiments in Florida and in grower trials in Georgia.
66
Percent fruit set was improved when GA3 was applied onto non­
pollinated flowers under controlled environmental conditions 
(Williamson et al., 1995) . The stimulatory effects of growth 
regulators on fruit growth and development were also observed 
in other fruit crops. For example, a dramatic stimulation of 
fruit growth was obtained when kiwifruit with a low seed 
content was dipped in a mixture of growth regulators 3 weeks 
after bloom (Hopping, 1980).
Literature Cited
Austin, M.E. 1979. The effect of gibberellic acid on 
rabbiteye blueberries. Georgia Agr. Res., 20:8-10.
Baily, J.S. 1938. The pollination of the cultivated 
blueberry. Proc. Amer. Soc. Hort. Sci. 35:71-72.
Brewer, J.W. and R.C. Dobson. 1969. Seed count and berry size 
in relation to pollinator level and harvest date for the 
highbush blueberry, Vaccinium corymbosum. J. Econ. Entomol. 
62:1353-1356.
Coville, F.V. 1921. Directions for blueberry culture, 1921. 
U.S. Dept. Agr. Bui. 974.
Darrow, G.M. 1941. Seed size in blueberry and related 
species. Proc. Am. Soc. Hortic. Sci. 38:438-450.
Davies, F.S. and D.W. Buchanan. 1979. Influence of GA3 on 
rabbiteye blueberry fruit set, yield, and quality, p. 229- 
236. In: J.N. Moore (ed). Proc. IV North America Blueberry 
Res. Workers Conf., Fayetteville, Ark.
El-Agamy, S.Z.A. 1981. Fruit set and seed number from self- 
and cross-pollinated highbush (4X) and rabbiteye (6X) 
blueberries. J. Amer. Soc. Hort. Sci. 116:443-445.
Gorchov, D.L. 1985. Fruit ripening asynchrony is related to 
variable seed number in Amelanchier and Vaccinium. Am. J. 
Bot. 72:1939-1943.
Gupton, C.L. and J.M. Spiers. 1994. Interspecific and 
intraspecific pollination effects in rabbiteye and southern 
highbush blueberry. HortScience 29:324-326.
67
Harrison, R.E,, J.J. Luby, and P.D. Ascher. 1993. Pollen 
source affects yield components and reproductive fertility of 
four half-high blueberry cultivars. J. Amer. Soc. Hort. Sci. 
119:84-89.
Hopping, M.E., and E.M. Jerram. 1980. Supplementary 
pollination of tree fruits. II field trials on kiwifruit and 
Japanese plums. New Zealand Journal of Agricultural Research 
23:517-521.
Lang, G.A. 1993. Southern highbush blueberries: physiological 
and cultural factors important for optimal cropping of these 
complex hybrids. Acta Horticulturae 346:72-80.
Lang, G.A. & R.G. Danka. 1991. Honey bee-mediated cross- vs. 
self-pollination of "Sharpblue' blueberry affects fruit 
development period and fruit size. J. Amer. Soc. Hort. Sci. 
116:770-773.
Lang, G.A. and E.J. Parrie. 1992. Pollen viability and vigor 
in hybrid southern highbush blueberries (Vaccinium corymbosum 
L. xspp.). HortScience 27:425-427.
Lawes, G.S., D.J. Woolley, and R. Lai. 1990. Seeds and other 
factors affecting fruit size in kiwifruit. Acta Horticulturae 
282:257-264 .
Lyrene, P.M. and W.B. Sherman. 1992. The 'Sharpblue' southern 
highbush blueberry. 1992. Fruit Varieties Journal 46:194-196.
Lyrene, P.M. and W.B. Sherman. 1985. Breeding blueberry 
cultivars for the central Florida peninsula. Proc. Fla. State 
Hort. SOC. 98:158-162.
Lyrene, P.M. 1986. April 1986 Florida variety 
recommendations. University of Florida Blueberry Grower Info. 
Sheet.
Lyrene P. M. 1989. Pollen source influences fruiting of 
'Sharpblue' blueberry. J. Amer. Soc. Hort. Sci. 114:995-999.
Mainland, C.M., J.T. Ambrose and L.E. Garcia. 1979. Fruit set 
and development of rabbiteye blueberries in response to 
pollinator cultivar or gibberellic acid, p. 203-211. In: J.N, 
Moore (ed) . Proc. IV North America Blueberry Res. Workers 
Conf., Fayetteville, Ark.
Maze, J., K.A. Robson, S. Banerjee, L.R. Bohm and R.K. 
Scagel. 1990. Quantitative studies in early ovule and fruit 
development: developmental constraints in Balsamorhiza
Sagittate and B. Hookeri. BOT. GAZ. 151:415-422.
68
McGregor, S.E. 1976. Insect pollination of cultivated crop 
plants. U.S. Dept. Agric. Handbook. No.496.
Meader, E.M. and G.M. Darrow. 1947. Highbush blueberry 
experiments. Proc. Amer. Soc. Hort. Sci. 49:196-204.
Meader, E.M. and G.M. Darrow. 1944. Pollination of the 
rabbiteye blueberry and related species. Proc. Amer. Soc. 
Hort. Sci. 45:267-274.
Merrill, T.A. and S. Johnston. 1940. Further observations on 
the pollination of the highbush blueberry. Proc. Amer. Soc. 
Hort. Sci. 49:196-204.
Moore, J.N. 1993. The Blueberry industry of North America. 
Acta Horticulturae 346:15-26.
Moore, J.N., B.D. Reynolds and G.R.Brown. 1972. Effects of 
seed number, size, and development on fruit size of 
cultivated blueberries. HortScience 7:268-269.
Morrow. E.B. 1943, Some effects of cross-pollination versus 
self-pollination in the cultivated blueberry. Proc. Amer. 
Soc. Hort. Sci. 42:469-472.
NeSmith, D.S., G. Krewer, M. Rieger and B. Mullinix. 1995. 
Gibberellic acid-induced fruit set of rabbiteye blueberry 
following freeze and physical injury. HortiScience, 30:1241- 
1243 .
Parrie, E.J. 1990. Pollination of hybrid Southern highbush 
blueberries (Vaccinium corymbosum L.) . Master thesis. 
Louisiana State University.
Sharpe, R.H. and W.B. Sherman. 1976. 'Sharpblue blueberry. 
HortScience 11:65.
Sundberg, M.D. 1984. A Quantitative technique for beginning 
microscopists. JCST:417-419.
Vander Kloet, S.P. 1983. The relationship between seed number 
and pollen viability in Vaccinium corymbosum L. Hortic. Sci. 
18 :225-226.
Vander Kloet, S.P., and P.M. Lyrene. 1987. Self- 
incompatibility in diploid, tetraploid, and hexaploid 
Vaccinium corymbosum. Can. J. Hot. 65:660-665.
White. E. and J.H. Clark. 1939. Some results of self- 
pollination of the highbush blueberry at Whitesbog, N.J. 
Proc. Amer. Soc. Hort. Sci. 36:305-309.
CHAPTER 4
COMPARISONS OF POLLEN VIABILITY AND VIGOR 
OF THREE SOUTHERN HIGHBUSH CULTIVARS
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Introduction
Southern highbush cultivars are interspecific hybrids of 
native species and northern highbush blueberries. They
incorporate a great proportion of germplasm from the V. 
corymbosum species (northern highbush), ranging from 54 to 
87%. They also have significant proportions of germplasm 
from native southern species. They include 0 to 13% from V. 
ashei, 6 to 31% from V. darrowi, and 0 to 14% from V. 
angustifolium (Lang, 1993) . These hybrid cultivars inherit 
fruitful characteristics from V. corymbosum and are also 
subject to various degrees of inbreeding depression, due to 
the incorporation of self-unfruitful genes from V. darrowi, 
V. angustifolium, V. ashei and V. tenellum. The diversity in 
germplasm of southern highbush varieties may affect physio­
logical and biochemical characteristics of self- and cross- 
pollinated berries during fruit development.
In a 2-year study of the relationship between seed 
number and pollen viability in Vaccinium corymbosum L.,
Vander Kloet (1983) made a total of 160 crosses on 108
plants. His results indicated that the number of plump seeds
and berry size were correlated with pollen viability, 
although no relation was observed between pollen viability 
and percent fruit set, days to berry ripening or seed weight. 
The relationship implies that plants with low pollen viabili­
ty tend to have low zygotic viability, which affects berry 
size. Previous experiments demonstrated that cross-pollina­
tion increased the number of well-developed ovules and ovule 
size, which resulted in large berry size and early-ripening 
of southern highbush blueberries (Chapters 2 and 3). 
Theoretically, when flowers on a single bush or even a single 
shoot are pollinated with self and cross pollen sources, big 
differences will be created in berry size, mature ovule 
number and fruit development period. Actually, the other 
factors influencing fruit development are basically identical 
except the genetic components of the pollen sources. There­
fore, the composition and proportion of various germplasm may 
determine the differences in pollen viability and vigor, 
which are the crucial factors to interpret the physiological 
phenomenon. The measures of blueberry pollen vigor and 
viability are pollen tube growth rates and ability of 
germinating multiple pollen tubes from pollen tetrads (Lang 
and Parrie, 1992). Other factors influencing blueberry 
pollen vigor and viability are germinability and time needed 
for germinated pollen to reach the ovaries and fertilize the 
ovules. Lang and Parrie (1992) reported that 'O'Neal' and 
'Gulfcoast' had a greater mean pollen tube growth rate than 
'Sharpblue', while 'Gulfcoast' and 'Sharpblue' had a higher 
percentage in multiple pollen tubes than 'O'Neal'.
The purposes of the experiment in this chapter are to 1) 
evaluate pollen viability using enzymatically induced 
fluorescence, 2) determine the germinability and the ability 
of germinating multiple pollen tubes from pollen tetrads of
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three southern highbush blueberry cultivars, i.e., 'Gulfcoa- 
st, 'O'Neal' and 'Sharpblue', and 3) study the correlation 
between viability and germinability for each pollen variety.
Materials and Methods 
Six-year-old 'O'Neal', 'Gulfcoast' and 'Sharpblue' 
plants were moved in January, 1995 from a lathhouse into a 
temperature-controlled storage (0°C). After three weeks, 
plants were forced to flower in a growth chamber <25/16°C, 
D/N, 12 hr photoperiod). Flowers were tagged at anthesis. 
Pollen was collected from 20 flowers with the same physiolog­
ical ages (24 hours after opening of the corolla) at various 
shoot locations for a single treatment. The culture medium 
was prepared as described by Lang and Parrie (1992) with some 
modifications. It contained 2.5% ultrapure agar, 0.29 M 
sucrose, 1.62xl0'3 M H3B03, 1.69xl0’3 M Ca (N03) a. 4H20, 8.11x10“ 
M MgS04.7H20, 9.89x10“ M KN03 and 0.01% fluorescein diacetate 
(FDA) (Sigma, St. Louis). The same medium without FDA was 
used for the control (pH 5.4). A thin layer of the medium 
was transferred onto a microscope slide by the following 
procedures: dipping a slide into the prepared medium;
withdrawing the slide quickly and placing it on a glass plate 
horizontally until an even film developed; and wiping the 
back of the slide with tissue. The mixing of pollen grains 
from 20 flowers was dusted uniformly on a slide containing 
the culture medium and kept in a plastic storage box lined 
with moist paper towels. The storage box was maintained at
25°C in the same growth chamber used for flower forcing. The 
experimental design was a randomized complete block design 
(RCBD) with 5 blocks (5 days). After 90 minutes of incuba­
tion, the fluorescing pollen tetrads were counted and 
photographs were taken (lOOx) under a light microscope 
(Olympus, Japan) with an ultraviolet (UV) source provided by 
a mercury lamp. In vitro germination rate and percent of 
multiple pollen tubes were determined under a visible light 
source after 8 hr of incubation. Each determination was 
obtained by randomly counting 250 to 350 pollen tetrads at 6 
to 10 locations. A pollen grain was considered to have 
germinated when the length of the pollen tubes was at least 
as large as the diameter of the pollen tetrad. Data were 
converted to germination percentage, fluorescing (viability) 
percentage, and multiple pollen tube percentages. Analysis 
of variance was done using the SAS program, and mean separa­
tions were calculated by Duncan's multiple range test. 
Correlations were determined for the fluorescing pollen 
percentage and germination percentage.
Results
Pollen tetrad viability
Pollen tetrad viability was expressed as percentage of 
fluorescing pollen tetrads, which was determined by enzymati­
cally induced fluorescence. 'O'Neal' and 'Gulfcoast' had 90% 
and 88% fluorescing pollen tetrads, respectively, which were 
significantly higher than 'Sharpblue' (78%) (Table 11 and Fig
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21), Also, pollen tetrads of 'O'Neal' and 'Gulfcoast' 
produced stronger fluorescence, started to germinate earlier, 
and had a greater apparent pollen tube growth rate than those 
of 'Sharpblue' (Fig. 23) , although pollen tube growth rate was 
not measured in this study. These facts indicated that 
pollen tetrads of 'O'Neal' and 'Gulfcoast' are more viable 
than those of 'Sharpblue'. However, in vivo experiments are 
needed to test whether cross pollen germinates more quickly 
on the stigmatic surface than self pollen. Vander Kloet and 
Lyrene (1987) reported that self pollen could germinate more 
rapidly in the stigmatic fluid secreted by its own gynoecium 
than cross pollen.
Pollen germination and multiple pollen tube percentages
O'Neal' had 92% pollen germination percentage, which was 
the highest among the three cultivars (Table 11 and Fig. 21) . 
'Gulfcoast' had 83% and 'Sharpblue' had the lowest pollen 
germination at 76%. Pollen viability was highly correlated 
with pollen germination percentage for all cultivars (Fig. 20 
and Fig. 21) . Similar to pollen germination percentage, 
'O'Neal' had the highest pollen tetrad percentage with 
multiple pollen tubes (49%), 'Gulfcoast' had 24%, and 
'Sharpblue' had the least (15%) (Table 11 and Fig. 22).
Discussion
Pollen viability can be determined with direct and 
indirect methods. The direct test is to deposit pollen onto 
receptive stigmas. Viability is determined by the number of
Table 11. Germination percentage, viable pollen tetrad percentage 
and multiple pollen tube percentages of three southern highbush 
blueberry cultivars.
Germination Viable Pollen tetrads with multiple
% pollen tube percentage
Cultivars % 2 3 4 Total
O'Neal 91.81 a 90.05 a 20.6 a 16.2 a 11.8 a 48.6 a
Gulfcoast 83.32 b 88.07 a 14.1 b 7.9 b 1.7 b 23.7 b
Sharpblue 75.74 c 77.88 b 10.5 c 3.6 c 0.5 b 14.6 c
Lang and Parrie's results {1992)
O'Neal 90. 5 29 32 24 85
Gulfcoast 93 . 8 17 53 30 100
Sharpblue 94.3 9 38 53 100
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Fig. 23 Pollen viability as fluorescing pollen tetrads in an 
artificial medium containing fluorescein diacetate. A) 
'O'Neal', B) 'Gulfcoast' and C) 'Sharpblue' in an 
artificial medium containing 0.01% FDA. D) 'Sharpblue' 
in an artificial medium without FDA. All the samples 
were incubated 90 minutes at 25°C.
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viable seeds formed. The advantage of this method is provid­
ing a very reliable measure. The major disadvantage is that 
it is very time-consuming. Indirect methods include: 1) the 
fluorochromatic procedure (FCR), 2) testing pollen enzymatic 
activity, and 3) testing stainability of vegetative cells. 
Staining may give rise to ambiguous results (Heslop-Harrison 
and Heslop-Harrison, 1970). Obviously, the stainability of 
pollen grains by ordinary dyes, e.g., malachite green 
(Alexander, 1969) and 2,3,5-triphenyltetrazolium chloride 
(Khatun and Flowers, 1995), is a poor guide to pollen 
viability, since dead pollen grains were also stainable by 
the dyes. Tetrazolium reactions for pollen viability test 
are based on certain reductases in living cells to provide 
hydrogen ions, which reduce colorless tetrazolium compounds 
to insoluble red formazan (Oberle and Watson, 1953). This is 
not very reliable, either, since many factors in viable 
tissues can bring, about protons. Enzymatically induced 
fluorescence is reliable for pollen viability, since it 
relies on the status of plasmalemma integrity and permeabili­
ty of pollen grains. Fluorescein diacetate (FDA) was origi­
nally used to detect live cultured animal cells (Rotman and 
Papermaster, 1966). Heslop-Harrison and Heslop-Harrison 
(1970) developed the fluorochromatic procedure to study 
pollen viability. This method was further used to evaluate 
pollen viability of tomatoes (Abdul-Baki, 1992), cotton (Gwyn 
and Stelly, 1989) and avocado (Sahar and Spiegel-Roy, 1984)
as well as orchid seed viability (Pritchard, 1985) . The 
principle of evaluating pollen viability by FDA is based on 
the fact that the nonfluorescing FDA can freely pass through 
the cytoplasmic membrane and enter pollen grains, since it is 
nonpolar. Viable vegetative cells of the pollen grains have 
esterase activity and hydrolyze the nonfluorescing FDA to 
release fluorescein, which is polar, can't pass outward, and 
fluoresces under ultraviolet light (excitation filter = 485 
nm and barrier filter = 520 nm) . In contrast, nonviable 
pollen fails to hydrolyze FDA due to the lack of esterase 
activity; therefore, no fluorescence is detected under UV. 
Pollen viability is determined based on the percentage of 
fluorescing pollen tetrads.
The high correlations of pollen viability with germina­
tion percentage indicated that pollen viability can reflect 
pollen germination tendency and suggest that fluorescence is 
a reliable measure of pollen viability for blueberry cultiva­
rs. A high correlation between FCR and in vitro germination 
was also found in some other species (Shivanna and Heslop- 
Harrison, 1981; La Porta and Roselli, 1991) . Lang and Parrie 
(1992) reported that there was no significant difference in 
pollen germination rate among these three cultivars.
However, a significant difference in pollen germination did 
exist among the cultivars in this study (Table 11). Blue­
berry pollen 1b a tetrad. Theoretically, each pollen tetrad
has a potential to germinate four pollen tubes. Therefore,
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the ability to germinate multiple pollen tubes is an appro­
priate measure for blueberry pollen viability. Lang and 
Parrie's (1992) results indicated that 'Gulfcoast' and 
'Sharpblue' were similar, and 'O'Neal' was slightly lower in 
pollen tetrads with multiple tube percentage (Table 11) . 
Pollen viability and germinability can be affected by many 
factors, such as time of pollen collection, flower age, plant 
vigor and ages, and environmental conditions for pollen 
germination including light, relative humidity and tempera­
ture. Lang and Parrie forced the plants to flower under 
ambient conditions, whereas in this study a temperature- 
controlled growth chamber was used. The plants used by Lang 
and Parrie were 4-year-old 'Sharpblue', and 3 year-old 
'O'Neal' and 'Gulfcoast'. The plants used in this experiment 
were all 6-years-old. The differences in light intensity and 
plant ages probably accounted for the discrepancy. Pollen 
viability has been found to be affected by relative humidity, 
collection methods and pollen storage (Shivanna and Johri, 
1985; Stanley and Linskens, 1974). Interpreting pollen 
viability and germinability must be conducted under specified 
environmental conditions. The distribution of pollen tetrads 
with multiple tubes was different from cultivar to cultivar 
(Table 11 and Fig. 22). 'O'Neal' had the highest values in 
all the multiple pollen tube percentages, which were also 
significantly higher in 'Gulfcoast' than in 'Sharpblue'. By 
overall comparison of 'O'Neal' or 'Gulfcoast' with 'Sharpblu-
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e', 'O'Neal' and 'Gulfcoast' were significantly higher in 
pollen germination percentage, pollen viability, and multiple 
pollen tube percentages. These attributes could affect ovule 
and fruit growth and development. As presented in Chapter 3, 
cross-pollination gave rise to significantly greater ovule 
area and size at 5 DAP than self-pollination. Moreover, 
fluorescent microscopy studies revealed that pollen tube 
growth through styles took about 24 hours less in cross­
pollination (48 hours) than in self-pollination (El-Agamy et 
al., 1982). These data infer that pollen from a different 
cultivar has greater viability, thereby initiating ovule 
growth sooner and greater than self pollen.
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CHAPTER 5
STUDIES OF PEROXIDASE ACTIVITIES, ISOZYMES AND 
HISTOLOGICAL LOCALIZATION DURING FRUIT GROWTH 
AND DEVELOPMENT OF SOUTHERN HIGHBUSH BLUEBERRY
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Introduction
Peroxidases have been found widely in all higher plants 
that have been investigated (Campa, 1991). They are catego­
rized into oxidoreductases, based on the fact that peroxida­
ses use hydrogen peroxide as an oxidizing substrate and 
various reducing substrates to participate in a number of 
peroxidative and reductive reactions in plants {Robinson, 
1991). Peroxidases are the most studied enzymes so far, 
because they have been associated with many physiological 
processes. These include lignin biosynthesis (Goldberg et 
al., 1991), oxidation of indoleacetic acid (Galson et al., 
1968; Grambow, 1986), ripening of fruits (Seymour et al., 
1993), anthocyanin breakdown, intervention of ethylene 
synthesis, chlorophyll degradation (Gaspar et al., 1991), and 
protection against fungal and bacterial attack (Biles et al., 
1993) .
Two kinds of peroxidase isozymes are speculated to 
mediate lignification (Campa, 1991) . A cationic peroxidase 
is responsible for the production of hydrogen peroxide, 
whereas an anionic peroxidase catalyzes the generation of 
free radical intermediates from lignin precursors.
Peroxidase can function as a catalyst in the degradation 
of IAA (Galson et al., 1968), therefore, peroxidases might be 
involved in fruit growth and development. Changes in peroxi­
dase patterns are observed to link concomitantly with 
cellular differentiation (Siegel, 1993). Ethylene forming
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enzyme (EFE), a key enzyme of ethylene biosynthesis, is 
proposed to be a peroxidase (Gaspar et al., 1991). Some 
evidence is provided by physiological studies in which 
ethylene biosynthesis by organs or whole organisms paral­
lelled their peroxidase activities. Peroxidase was observed 
to be capable of converting ACC to ethylene in vitro (Siegel, 
1993) .
Both genetic and physiological factors can bring about 
changes in activities and isozyme patterns of peroxidases. 
Consequently, peroxidases are often chosen as markers in a 
wide variety of experimental situations, e.g., following 
chemical treatments, in relation with growth and differentia­
tion, for genetic studies, or to show the effects of environ­
mental factors on plants. In plant tissues, peroxidases 
characteristically exist in groups of isoenzymes that can be 
separated and detected on gels after electrophoresis 
(Robinson, 1991; Arulsekar et al., 1986).
It seems to be difficult to find a definitive physiolog­
ical role for plant peroxidases, due to the existence of many 
different isozymes and to the high diversity of substrates. 
Changes in activity and isozyme patterns of peroxidases might 
be spatial and temporal, responding to physiological respons­
es. Cultivars of southern highbush blueberry are of diverse 
genetic background, because they are interspecific hybrids of 
native southern species with northern highbush blueberries 
(Appendix 4). Therefore, they are ideal for pollination and
isozyme studies. Since genes coding for peroxidases are 
nuclear genes, which are located on separate chromosomes 
(Robinson, 1991), it is expected that pollen and egg cells 
have different genotypes that give rise to differences in 
isozyme patterns and activities. After fertilization, the 
zygote acquires these genes from pollen and egg cells, which 
determine the changes in number and abundance of isoperoxida­
ses as well as their activities during the period of fruit 
growth and development.
The blueberry fruit could be a good model for studying 
growth-related changes in peroxidase activity and isozymes 
because blueberry is a multiple-seeded fruit whose growth and 
development depends intimately on ovule growth and develop­
ment. The ovule-berry interaction may involve peroxidase 
isozymes. The ovules apparently play a critical role in 
growth and viability of the berry during the early stages 
after pollination. There are many studies in which changes 
in peroxidase activity are associated with the pattern of 
plant growth and development (Valpuesta et al., 1991; 
Lagrimini et al,, 1990). The purpose of this investigation 
is to find out how pollen sources influence peroxidase 
activities and isozyme patterns during southern highbush 
blueberry fruit development.
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Materials and Methods
Pollen collection
Two southern highbush cultivars, 'Sharpblue' and 
'O'Neal', were used as pollen sources. 'Sharpblue,' was 
designated as fruiting cultivar. Five-year old plants were 
transferred to 37-liter pots and placed in a 0°C coldroom at 
the beginning of January, 1993 to ensure enough chilling 
hours and synchronize blooming periods. On 15 March, plants 
were placed in a greenhouse to force flowering. Flowers were 
collected every day. Corollas were removed, and anthers and 
filaments were collected with forceps. Anthers were placed 
in a 3 0°C oven for 2 hr to enhance pollen dehiscence. 
Debris and pollen grains were separated through a 200 /zm 
screen. Pollen grains were stored at 4°C.
Pollination treatments
Eight 'Sharpblue' plants were moved out of a 0°C 
coldroom into the greenhouse on 7 April. Flowering was 
monitored daily. Controlled pollination began on 21 April, 
and ended on 29 April. For each flower cluster, only the 
flowers with the same physiological age were pollinated. The 
remaining unopened flowers were removed. Corolla and anthers 
were removed using a pair of forceps. Pollen mass was trans­
ferred onto the stigmatic surface, using a camel hair brush. 
Each flower was pollinated twice, early in the morning and 
late in the afternoon. A total of 810 flowers (213 flower
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clusters) were pollinated with 'Sharpblue' pollen, and 700 
flowers (189 flower clusters) with 'O'Neal' pollen.
The blueberries used for peroxidase assay and isozyme 
separation were picked at various DAP as described in Table 
12. Samples were placed in an insulated container with ice 
and transported immediately to the laboratory. Fresh weight 
was obtained, then samples were immersed in liquid nitrogen 
and stored at -80°C. The sample sizes were: two grams of 
berries at phase I (range from 6 to 20 berries), two berries 
at phase II, and one single berry at phase III (Table 12).
Berry color description was as described by Ballinger 
and Kushman (1970), and Miesle et al. (1991). For cross­
pollinated 'Sharpblue' fruit with 'O'Neal', 35 DAP: about 40% 
to half of the surface of the berry was red at the calyx end, 
40 DAP: the whole berry surface was turning red, 45 DAP: the 
berry color was light blue, partially red at the calyx end, 
50 DAP: the whole berry surface was totally blue, 55 DAP: 
dark blue and full ripening. For self-pollinated fruit, 40 
DAP: green, 50 DAP: the surface of the whole berry was
completely red, 55 DAP: light blue, 60 DAP: the berry surface 
was totally blue, 65 DAP: dark blue and full ripening. 
Peroxidase extraction procedures
All of the following procedures were performed at 4°C or 
in an ice bath unless otherwise indicated. Samples were 
ground into fine powder in liquid nitrogen in a prechilled
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Table 12. Berry sampling dates for peroxidase assay and 
isozyme separations.
Pollination Sampling time
treatments Days After Pollination (DAP)
10 20 30 35 40 45 50 55 60
SB x SB X X X X X X X X
SB x ON X X X X X X X X
SB: Sharpblue; ON: O'Neal; x: samples were taken.
For SBxSB, phase I - 10 to 35 DAP, phase II - 35 to 50 DAP, 
phase III - ripening; for SBxON, phase I - 10 to 30 DAP, 
phase II - 30 to 40 DAP, phase III - ripening.
mortar and pestle. The powder was transferred into a centri- 
fuge tube which contained a given amount of 50 mM sodium 
phosphate buffer (1:5, w/v) with 2 mM DTT, 2 mM Na2-EDTA, 0.5 
mM PMSF, 1% insoluble PVP at pH 6.0, and it was homogenized 
90 seconds. The slurry was incubated 10 min at room tempera­
ture (25°C) , and centrifuged 10 min at 11, 000 RPM. The
resultant supernatant fluid was retained as the soluble 
peroxidase fraction. The pellet was homogenized 90 sec in 
another 50 mM sodium phosphate buffer {w/v 1:5), containing 
2 mM DTT, 2 mM Na2-EDTA, 0.5 mM PMSF, 1% insoluble PVP, and 
0.2 M KCl at pH 6.0, and it was then incubated 10 min at room 
temperature (25°C). The homogenate was centrifuged 10 min at 
13,000 RPM. The supernatant was the ionically bound peroxi­
dase fraction.
Enzyme assays
Activities of both cationic and soluble peroxidases were 
determined using guaiacol as a reducing substrate. The
reaction was initiated by mixing 0.2 ml of the enzyme extract 
with 2.8 ml of reaction buffer, which consists of 53.7 mM 
guaiacol and 176 mM H202 in 50 mM sodium phosphate buffer {pH 
6.0). The mixture was incubated 90 sec at room temperature 
(25°C) . Controls were used as follows: 1) 3 ml of ddH20
(double deionized water) to autozero; 2) Blank 1 -- 0.2 ml of 
ddH20 + 2.8 ml of reaction buffer; and 3) Blank 2 -- 0.2 ml 
of enzyme fraction + 2,8 ml of ddH20. Enzyme activity was 
assayed using a Perkin-Elmer lambda 4B spectrophotometer.
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The absorbance was measured at 470 nm. For each sample, 
three replications were used. The OD value was calculated 
following the formula:
{ (ODenz - ODbu - 0Daam) x (Volef (ml) + 0.2 ml} + FW (g) . 
The individual variables were as described in Appendix 3.
Peroxidase activity is expressed as unit/g fw, using £ 470 nm
= 26.6 mM^.cm'1 for tetraguaiacol {George, 1953). The
chemical reaction for assaying peroxidase activity is given 
in Appendix 1. One unit is defined as 100 nmol.min'1. 
Concentrating the enzyme extracts
The prepared ionically bound and soluble fractions were 
brought to 80% ammonium sulfate saturation in an ice bath and 
then centrifuged at 12,500 x g for 20 min (Cooper, 1977). 
The supernatant was discarded. The pellet was resuspended in 
about 5 ml of ddH20. The resuspended fraction was dialyzed 
48 hr against 50 mM sodium phosphate buffer (pH 5.1) . After 
dialysis, the suspension was clarified at 8000 x g for 10 
min. The supernatant was saved and concentrated using an 
Amicon concentrator (Amicon Corp., Beverley, MA) , with a 
molecular weight limit of 10,000, in a table centrifuge (IEC 
HN - SII) at 0°C until the final volume was reached to about 
300 /il.
Isoelectric focusing of isozymes
Electrode solutions were prepared as described by 
Righetti (1983). Acrylamide gel was prepared following 
Whitmore (1992) . Protein obtained from the equivalent of 100
mg of berry fresh weight was used for each sample. Power was 
furnished by an HBI 1000 Volt Microprocessor Power Supply 
(Haake Buchler Instruments, Saddle Brook, NJ). The acrylam- 
ide gels contained 2% ampholyte in the pH range 3 to 10 
(Pharmlyte, Sigma). Flat-bed isoelectric focusing was 
carried out with Model EC360 Submarine Gel System (E-C 
Apparatus Corp., St Petersburg, FL) as described by Whitmore 
(1992) and Lagrimini and Rothstein (1987), with some modifi­
cations. The gel was prefocused at 200 V for 3 0 min. The 
samples were subjected to electrophoresis at 0°C with 
constant wattages (4 W for l hour, and 5 W for 4 hours) for 
5 hours. Peroxidase activity was stained as described by 
Miesle et al. (1991) . The gels were washed for 30 minutes in 
phosphate buffer saline (PBS), which consisted of 10 mM of 
sodium phosphate buffer (pH 6.0) and 150 mM of NaCl, to 
remove the ampholytes to achieve a uniform pH throughout the 
gel. Bands of isozymes were made visible by incubating at 
30°C in lxPBS containing 0.6 mg 4-chloro-l-naphthol per ml 
and 0.18% H202. Blue bands were observed after about 20 
minutes. The gels were washed briefly 3 times with PBS and 
photographed.
Histological localization of peroxidase activity
To confirm the presence of peroxidase activity during 
fruit development, a tissue print protocol was developed to 
study the profiles of histological localization of peroxidase 
activity at early developmental and ripening stages.
Pollination treatments and methods were described in Chapter 
3. Phosphate buffer and chemicals used for detection of 
peroxidase activities were exactly the same as used previous­
ly for detecting isoperoxidase bands on acrylamide gels. 
Various substrates can be used, but only those producing an 
insoluble end product are suitable for peroxidase tissue 
prints, such as 3-amino-9-ethylcarbazole, 4-chloro-l-naphthol 
and 3, 3 '-diaminobensidine tetrahydrochloride (Varner, 1992) . 
4-Chloro-l-naphthol was used for this study, since it is a 
very sensitive electron donor, and can produce a blue and 
insoluble product. The chemical reaction is given in 
Appendix.1. Triple controls were used: 1) 50 mM phosphate 
buffer only (pH 6.0); 2) 50 mM phosphate buffer with 0.18% 
hydrogen peroxide (H202) added; 3) 50 mM phosphate buffer with 
0.6 mg 4-chloro-l-naphthol per ml added. The solution for 
detection of peroxidase activity was 50 mM phosphate buffer 
containing 0.6 mg 4-chloro-l-naphthol per ml and 0.18% H202. 
The method was as described by Varner (1992) with some 
modifications:
1) A piece of 5x3 cm nitrocellulose paper was soaked in 0.2 
M CaCl2 for 10 minutes, and placed on 3-mm Whitman paper to 
dry.
2) The berry was longitudinally cut into two halves with a 
clean razor blade, washed in distilled water for a few 
seconds, and dried on tissue.
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3) The section was placed on nitrocellulose paper using 
forceps and pressed for 60 sec using a gloved fingertip. The 
nitro-cellulose paper with the tissue printing was dried 
immediately by.warm air flow.
4) The nitrocellulose paper was placed in 50 mM phosphate 
buffer containing 0.6 mg 4-chloro-l-naphthol per ml and 0.18% 
H2Oj . A blue color became visible after approximately 25 min 
incubation. This blue insoluble product on nitrocellulose 
paper indicated the location of peroxidase activity in the 
berry. No blue color was detectable in the triple controls 
after 25 min incubation, indicating that the blue color 
observed above was not caused by non-enzymatic reactions.
5) The nitrocellulose paper was dried and photographed.
Results and Discussion 
Fruit growth and peroxidase activity
Shown in Figs. 24 and 25 are growth curves and change 
patterns of peroxidase activities of self- and cross-pollina­
ted 'Sharpblue' blueberry fruits. Both self- and cross­
pollinated berries showed three distinct phases of fruit 
growth, which were defined as follows: 1) Phase I, a period 
of slow growth, concomitant with ovule growth and develop­
ment; 2) phase II, characteristic of exponential increase in 
berry fresh weight and endocarp lignification; and 3) phase 
III, slowing fruit growth followed by ripening. These three 
phases were altered by pollen sources. Self-pollinated
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berries need 40 days to go through phase I, whereas it only 
takes 30 days for cross-pollinated berries. Cross-pollinated 
berries have a shorter phase II and a more rapid fruit growth 
than self-pollinated berries. For cross-pollination, average 
berry weight increased from 478 mg to 1,778 mg (272%) within 
10 days. It took 15 days for self-pollinated berries to 
increase fruit weight from 504 mg to 1,347 mg (167%) . Also, 
cross-pollination resulted in larger and earlier-ripening 
fruit. Cross-pollinated berries were, overall, 51% larger 
and ripened about 10 days earlier than self-pollinated 
berries.
This study also demonstrated that pollen sources could 
affect peroxidase activity throughout fruit development. On 
a fresh weight basis, activities of both soluble and bound 
peroxidases were very high during early fruit development, 
with peaks at 10 and 20 days after self- and cross-pollina­
tion, respectively. Activity was much higher for cross­
pollination. Coincidentally, cross-pollination showed a 
shorter period of growth phase I and a greater berry fresh 
weight during early fruit development. During fruit growth 
phase II, differed by about 5 days between pollination 
treatments, peroxidase activity from both self- and cross­
pollination was generally low (Figs. 24 and 25). However, 
changes in both peroxidase classes were different between 
pollination treatments (Fig. 26) . For both pollination 
treatments, bound peroxidase activity basically remained
100
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Fig. 26, Comparison of changes in soluble and bound 
peroxidase activities and fruit weight of self- and cross­
pollinated 'Sharpblue' blueberry fruit during fruit growth 
phase II.
101
unchanged during phase II. At the end of phase II, soluble 
peroxidase activity showed a slight increase and a big 
decrease for self- and cross-pollination, respectively. 
There was more rapid fruit growth for cross-pollination, 
corresponding to the decline in soluble peroxidase activity. 
During fruit ripening (phase III), the activity of soluble 
peroxidase reached a second peak at 40 DAP in cross-pollina­
tion treatment, which was a berry color transition stage 
(Fig. 24) ; activity declined at 45 DAP and then showed a 
slight increase until full ripening. For self-pollination, 
soluble peroxidase activity started to increase at 50 DAP, 
displayed a steady increase until 60 DAP, then decreased at 
65 DAP. During this period, fruit color experienced a change 
from red to dark blue. The activity of bound peroxidases 
increased during color transition from blue to dark blue for 
both pollination treatments, with the increase being much 
greater in self-pollinated berries.
Electrophoretic analysis of isozymes
Several isozymes with different staining intensity were 
detected in both pollination treatments during fruit develop­
ment (Figs. 27 and 28) . Six and five soluble isoperoxidases 
were detected for self- and cross-pollination, respectively 
(Fig. 27) . These isoforms were designated as SI, S2, S3, S4, 
S5, S6 and S3' . The isoforms S4 and S5 appeared at 20 and 3 0 
DAP in cross-pollinated berries only, and S3', which was
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unique to self-pollinated fruit, was detected at phase I and 
phase III. The isoform S6 was detected at 20 DAP in cross­
pollinated fruit and at 10 DAP in self-pollinated fruit. The 
soluble isozymes SI, S2 and S3 disappeared at certain 
developmental stages: SI at 45 and 50 DAP in cross-pollinated 
fruit, and at 35 through 55 DAP in self-pollinated fruit; S2 
at 10 DAP; and S3 at 10 and 55 DAP in cross-pollinated fruit. 
Four bound isoperoxidases (Bl, B2, B3 and B4) were observed 
for both pollination treatments (Fig. 28) . Some bound 
isozymes disappeared at certain developmental stages. These 
were: Bl at 10 DAP, B3 at 20 and 45 DAP, and B4 at 20, 30, 
45, and 50 DAP in cross-pollinated fruit; and Bl at 20 DAP, 
B2 at 20 through 35 DAP and B4 at 30, 40 and 50 DAP in self- 
pollinated fruit.
Histochemical localization of peroxidase activity:
The distribution of peroxidase activity in developing 
'Sharpblue' blueberry fruit upon self- and cross-pollination 
treatments was studied by tissue printing on nitrocellulose 
paper. The purpose of doing this was to look for additional 
evidence to support the original hypothesis that blueberry 
fruit growth and development was associated with peroxidase 
activity, which was affected by different pollination 
treatments. This study focused mainly on fruit peroxidase 
activity at early developmental and ripening phases. Peroxi­
dase activity was hardly detected in unopened flowers (Fig.
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Fig. 29 Peroxidase histological localization of self- and 
cross-pollinated 'Sharpblue' blueberry fruit: 1) unopened
'Sharpblue' flower; 2) unopened 'O'Neal' flower; 3) unopened 
'Sharpblue' flower as a check; 4) SBxSB at 3 DAP; 5) SBxON at 
3 DAP; 6) SBxGC at 3 DAP; 7) SBxSB at 5 DAP; 8) SBxON at 5 
DAP; 9) SBxGC at 5 DAP; 10) SBxSB at 10 DAP; 11) SBxON at 10 
DAP and 12) SBxGC at 10 DAP.
29-3). The activity was located primarily at the calyx end 
after pollination for both self- and cross-pollinated 
berries, with the activity being much higher in self-polli­
nated fruit. This is sound evidence that pollination can 
stimulate expression of enzymes needed for fruit growth and 
development. The activity in cross-pollinated berries was 
higher than in self-pollinated berries at 5 DAP and 10 DAP. 
At 10 DAP, the activity was detected in the peripheral region 
of the berry. The peripheral tissue of the fruit revealed 
most of the peroxidase activity at 20 and 3 0 DAP for both 
pollination treatments, with cross-pollinated fruit showing 
higher activity {Fig. 30) . In the previous experiments, 
isoelectric focusing showed more and different isozymes (Fig. 
27) and activity assays indicated the presence of higher 
total, as well as bound, peroxidase activities at 20 and 30 
DAP for cross-pollination (Figs. 24 and 25). Coincidentally, 
cross-pollination resulted in greater berry fresh weight at 
20 and 30 DAP. Although the exact functions of peroxidases 
in plants are elusive, all these facts demonstrate that 
peroxidases participate in fruit growth and development, and 
the expression pattern of these isozymes is tissue specific 
and developmentally regulated.
As shown in Fig. 31, tissue prints revealed the local­
ization of peroxidase activity in the berry, and the differ­
ent distribution pattern between self- and cross-pollination
Fig. 30 Peroxidase histological localization of self- and 
cross-pollinated 'Sharpblue' blueberry fruit at 20, 25 and 30 
days after pollination (DAP) : 1) SBxSB at 20 DAP; 2) SBxON at 
20 DAP; 3) SBxSB at 25 DAP; 4) SBxON at 25 DAP; 5) SBxSB at 
3 0 DAP and 6) SBxON at 3 0 DAP.
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Fig. 31 Peroxidase histological localization of self- and 
cross-pollinated 'Sharpblue' blueberry fruit at ripening: 1) 
SBxSB at red; 2) SBxON at red; 3) SBxSB at blue; 4) SBxON at 
blue; 5) SBxSB at dark blue; and 6) SBxON at dark blue.
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treatments during the color transition from red to dark blue. 
When berries turned red, the peroxidase activity was located 
mainly at peripheral region and calyx end, and slightly along 
the calyx-stern axis in self-pollinated berries. In cross­
pollinated fruit, the peroxidase activity increased and 
distributed from the stem end to the calyx end {Fig. 31, 
top). At the blue stage, self-pollinated fruit showed 
peroxidase activity mostly at the stem end and along the 
calyx-stern axis, with a slight increase in activity, while 
cross-pollinated fruit displayed the activity throughout the 
flesh tissue, with a decrease in activity. At fully ripen 
(dark blue), very high activity was detected throughout both 
self- and cross-pollinated fruits. The results from tissue 
printing were in agreement with the results of the activity 
assays, when expressed as total activity per berry. The 
results from this study indicated that peroxidase.activity 
increased, and its histological location changed with fruit 
ripening.
There are contradictory reports on peroxidase activity 
in fruit ripening. Zuaberman et al. (1985) reported that
peroxidase activity decreased during ripening of avocados. 
An increase in cell wall-associated peroxidase activity in 
banana occurs with the initiation of. the climacteric rise in 
respiration (Haard, 1973). Frenkel (1972) reported a weaken­
ing trend of isoperoxidase bands during blueberry ripening. 
However, studies by Miesel et al. (1991) indicated that the
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number and intensity of isoperoxidases increased during 
blueberry fruit development, especially at ripening stages.
Two groups of peroxidases have been documented with 
respect to the specificity for electron donors (Amako et al., 
1994) . One group is highly specific for ascorbate as an 
electron donor, thereby being called ascorbate peroxidase 
(APX) . Its major physiological role is to scavenge hydrogen 
peroxide (Asada, 1992; Asada et al., 1993). Three isozymes 
of APX were identified in terms of cellular location: 
thylakoid-bound, stromal and cytosolic. The other group is 
named as guaiacol peroxidases (GPXs), which are characteris­
tic of their broad specificity for electron donors. A number 
of substrates have been used as electron donors in assays of 
their activity, such as guaiacol, pyrogallol, o-dianisidine, 
4-chloro-l-naphthol and syringaldazine. Many isozymes of 
this group have been found in plants. They participate in a 
great number of physiological processes, such as lignin 
biosynthesis, organogenesis and plant development via IAA 
degradation or ethylene biosynthesis.
A large body of literature has reported the versatility 
of peroxidases in physiological roles. Different isoperox­
idases may be involved in separate physiological processes 
during fruit growth and development. More than 30 peroxid­
ases could be found in a single plant variety, depending on 
developmental stages and tissues {Siegel, 1993). Over 40 
isoperoxidases were resolved in callus and vegetative and
Ill
floral buds of Nicotlana tabacum, and half of the isozymes 
were correlated with specific developmental events (Kay et 
al., 1987). Only 11 peroxidase isozymes were detected in 
this study. The number of isozymes was much fewer than that 
of what Kay et al. reported, probably due to the multiple 
specificity for electron donors. It was possible for some 
isozyme forms to have escaped from detection in this study, 
since only a single substrate was used for detecting of the 
isozymes. Kay and Basile (1987) used different substrates to 
detect peroxidase isozymes in Nicotiana tabacum and found 
that about 43% bands escaped from detection when using 
guaiacol instead of o-dianisidine.
As the results of activity assays and tissue printing 
indicated that cross-pollination resulted in much higher 
activities for both classes of peroxidases, and that the 
fruit growth curve showed a greater fresh weight during fruit 
growth phase I,- I postulate that a cross-pollinated berry 
probably undertook cell division more rapidly than a self- 
pollinated berry. The rapid cell division contributes to the 
difference in berry fresh weight, and requires higher 
peroxidase activity for cell wall biosynthesis. There is a 
two-fold evidence to solidify this postulation. First of 
all, Gough (1983) reported that the periphery of a berry was 
primarily distributed with stone cells in cultivated highb- 
ush, which apparently differentiate from ground parenchyma of 
the mesocarp shortly after anthesis. The stone cells are
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mostly composed of lignin. Secondly, recent studies indicate 
that lignin biosynthesis required the participation of both 
bound and soluble peroxidases (Campa, 1991). Peroxidases are 
particularly abundant in cell walls. Soluble isoperoxidases 
have been reported to contribute to the cell wall peroxidase 
activity, since they show high affinity for lignin precur­
sors. Isozymes of bound peroxidases are found only in 
vacuoles. They show low activity for lignin precursors, but 
are capable of catalyzing the formation of hydrogen peroxide. 
This might suggest that the two isozyme fractions work 
cooperatively in cell wall biosynthesis. Bound peroxidases 
produce hydrogen peroxide, which is used by soluble peroxida­
ses to generate free radical intermediates from lignin 
precursors. The physiological roles of peroxidases in cell 
wall metabolism are far more extensive than in lignin 
biosynthesis. They participate in cell wall metabolism by: 
1) cross-linking tyrosine residues of extensin (an abundant 
cell wall protein) and possibly other wall glycoproteins; 2) 
cross-linking hydroxycinnamic acid and p-hydroxybenzoic acid 
residues of pectins and certain xylans; 3) linking extensin 
to polysaccharides; 4) catalyzing lignin binding to cell wall 
glycoproteins; and 5) suberization (Gaspar, 1991).
Peroxidase activity increased during berry ripening, 
probably because peroxidases participated in ethylene 
biosynthesis. Although many aspects of plant growth and 
development can be regulated by ethylene, its major role is
to initiate fruit ripening. Ethylene is involved in biosyn­
thesis of many ripening-associated enzymes. Peroxidases were 
proposed to be involved in ethylene production in plants, 
based on some experimental facts that 1) horseradish peroxi­
dase proved to catalyze ethylene production in vitro in a 
model system containing methional (Yang, 1967); 2) plant
extracts with IAA oxidase activity were able to catalyze 
ethylene synthesis from ACC (Vioque and Vioque, 1981). 1-
Aminocyclopropane-l-carboxylic acid oxidase is a key enzyme 
at the last step of ethylene biosynthesis. This enzyme has 
even been postulated to be a kind of peroxidase. Peroxidases 
probably also play roles in color changes, and aromatic and 
volatile biosynthesis during fruit ripening. In vitro use of 
peroxidase to synthesize aromatic compounds is being studied 
(Melo et al., 1995). In this experiment, changes in peroxi­
dase activity were coincident with color transition. Soluble 
peroxidase activity seemed to be associated with the color 
transition from light blue to blue, while bound peroxidase 
activity appeared to be associated with the color transition 
from blue to dark blue.
Fruit ripening is characteristic of color changes, i.e., 
chlorophyll degradation coincident with the biosynthese of 
anthocyanins and carotenoids (Seymour et al., 1993).
Chlorophyllase is an important enzyme mediating chlorophyll 
degradation. In plastid fractions of orange fruit peel, de 
novo synthesis of cholorophyllase was observed to be stimu­
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lated by ethylene and inhibited by GA3 (Trebitsh et al., 
1993). Peroxidase is proposed to participate in chlorophyll 
catabolism, based on the fact that an increase in peroxidase 
activity was observed in senescing leaves of several plants 
coincident with a decline in chlorophyll content (Kar et al., 
1987; Kar et al., 1984; Birecka et al., 1979). For example, 
some soluble isozymes become prominent during aging, concomi­
tant with a decline in chlorophyll content (Kar et al., 
1987.). A phenol-specific peroxidase, bound to thylakoid, 
was postulated to mediate chlorophyll catabolism (Huff, 
1982) . These experimental facts imply that chlorophyllase is 
a peroxidase-like enzyme.
Peroxidase activity was stimulated by pollination, as 
shown in Fig. 29. The activity was much higher at 3 DAP than 
at anthesis. This might suggest that peroxidases are 
involved in an interaction between pollen tubes and styles. 
This interaction is characteristic of various kinds of 
metabolic changes that are associated with alterations in 
enzyme activities. For example, in compatible pollinated 
styles of Petunia hybrida, a number of enzymes show an 
increase in activity, i.e., glutamate dehydrogenase, citrate 
synthase alanine aminotransferase, and several glucan 
hydrolases (Bredemeijer, 1986). Gaspar et al. (cited by
Bredemeijer, 1986) suggested that peroxidase may be suitable 
as a model enzyme for studying the pistil-pollen interaction, 
based on the fact that peroxidases perform a wide variety of
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catalytic functions, which may play a role in the physiologi­
cal events following pollination.
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CHAPTER 6
SUMMARY AND PROSPECTUS
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The major objective of this project was to examine the 
influence of pollen sources on developmental physiology of 
southern highbush blueberry fruit. Several techniques were 
applied to study the physiological and biochemical effects of 
pollen sources on fruit growth and development of southern 
highbush blueberry (Vaccinium corymboaum) .
Histological studies indicated that ovule development, 
which is determined by pollen sources, contributes to the 
differences in fruit fresh weight of southern highbush 
blueberries. The increase in number and size of mature 
ovules correlates with the difference in fresh weight between 
self- and cross-pollinated fruit (Chapter 2) . The results in 
Chapter 3 suggested that ovule abortion is a zygotic and 
postzygotic phenomenon in developing southern highbush 
blueberry fruit. Ovule abortion and subsequent development 
are affected by pollen sources. Ovule abortion occurs in 
both self- and cross-pollinated berries, but more severe 
abortion is found in self-pollinated fruit. Early ovule 
development is linked with early fruit growth and develop­
ment, and eventually fruit fresh weight. Cross-pollination 
resulted in a significantly greater ovule area and berry 
fresh weight during early fruit growth and development as 
well as at ripening. Ovule volume growth was completed 
during phase I, followed by an exponential fruit growth 
(phase II). Cross-pollination showed a greater fruit growth 
rate and a shorter period of phase II. Cross pollen initi­
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ated ovule growth immediately after fertilization, as 
indicated by a significantly greater ovule area and size in 
cross-pollinated fruit at 5 DAP.
The attributes in pollen viability may account for the 
beneficial effects of cross-pollination on fruit growth and 
development of southern highbush blueberries. Therefore, in 
vitro pollen viability test was conducted by enzymatically 
induced fluorescence, which revealed a significantly higher 
percentage of fluorescing pollen tetrads in 'O'Neal' and 
'Gulfcoast' than in 'Sharpblue'. The result of in vitro 
viability test was parallel to that of in vitro germination 
test. In addition, a higher incidence of multiple pollen 
tubes was observed in 'O'Neal' and 'Gulfcoast' pollen 
compared to 'Sharpblue' pollen. However, the pitfall of in 
vitro viability test is that in vitro conditions are not 
identical to in vivo environment. An in vivo viability test 
is needed to better understand the function of pollen 
viability to ovule and fruit development. Fluorescent 
microscopy technique may be used to determine in vivo pollen 
viability (El-Agamy, 1982).
Peroxidases are involved in many aspects of plant 
metabolism. Southern highbush blueberries might be an ideal 
model for peroxidase studies, because they are multiple- 
seeded fruit with complex compositions of germplasm. 
Therefore, in Chapter 5, studies were exclusively made to 
elucidate the influences of pollen sources on changes in
peroxidase activities and isozyme patterns during fruit 
growth and development. Three techniques were employed in 
peroxidase research. These techniques are peroxidase 
activity assays, isoelectric focusing and tissue printing. 
Activities of both peroxidase classes were very high during 
early fruit development, with peaks at 10 and 20 days after 
self- and cross-pollination, respectively. Activity was much 
higher for cross-pollinations. Isozymes of both soluble and 
ionically bound peroxidase were present throughout fruit 
development. During the stages of rapid fruit development, 
which differed by about 10 days between pollination treat­
ments, peroxidase activities from both treatments were 
generally low. During fruit ripening, the activity of 
soluble peroxidases increased, then declined in both treat­
ments. The activity of bound peroxidase increased during the 
color transition from blue to dark blue, with the increase 
being much greater in self-pollinated fruits. Banding 
patterns of both soluble and bound isoperoxidases varied with 
pollination treatments as well as fruit developmental stages, 
although obvious trends could not be discerned. In addition, 
tissue print technique was used to trace the histological 
changes of peroxidases during fruit development. The results 
indicated that the histological localization of peroxidases 
differed with pollination treatments as well as with develop­
mental stages (Figs. 29 to 31). The results basically 
confirmed the results of peroxidase activity assays. There­
fore, this evidence indicates that pollen sources alter 
peroxidase isozymes and activities in developing fruits, in 
ways possibly related to differences in fruit development 
that are not yet understood. During fruit ripening, soluble 
peroxidase activity appears to be associated with the color 
transition from light blue to blue, while bound peroxidase 
activity appears to be associated with the color transition 
from blue to dark blue.
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APPENDIX 1
Chemical reaction for detecting peroxidase activity:
OCH,
4 ^r°H + 4 h2o 2 p*roxtd""i,»- + 8 H20
OCH, OCH.
Guaiacol
colorless
Tetraguaiacol
red brown color
Chemical reaction for detecting isozymes on gels:
Substrate: 4-methoxy-a-naphthoI
OH OH
2 POD
CH iCH iCH
POD
ICHOCH
Blue color
Substrate: 4-chloro-a-naphthol
2 POD POD
Blue color
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APPENDIX 2
Pentose Phosphate Pathway Glycolysis
i i
D- Ery throse-4~ phosphate Phosphoenolpyruv ate
" JJ^ Daoxy-D-arablnaheptuloaonio ack)-7*phoafi 
■ynthaa#
3-Deoxy-D-aribinaheptuiosonic acid-7-phosphate
Shlklmata aynthata
k'Shikimic acid
Ip-EnoJpymivvl ahiklmio acid-G-phocphata 
f  aynthaia
3-Enolpynuvyl shikimic acid-5-phosphate
I
Chorismic acid
I
Preph^ic acid 
Arogenic acid
I
L-Phenyl alanine
[Phanylalanlna ammonia lyaaai
Trans-cinnamic acid
lcfnnamata-4'hydroKylaaa
Ferulic acid 4-Coumaric acid
I
Hydroxyolnnamata CoA ligaaa I Hydroxycinnamate CoA llgaaa
Feruloyl CoA
Sinapic acid
►I
I
4-Coumaroyl CoA Sinapoyl CoA
Clnnamyl:CoA roductai
Coriiferaldehyde
I
maral'
CinnamyhCoA roductaaaI
Cou ldehyde
Ckinamyl alcohol dehydroganaaa I ctnnamyt alcohol dahydroganaao
Sinapaldehyde
■I
Coniferyl alcohol Coumaryl alcohol Cinnapyl alcohol
f
ParoKldaaaa
Free radical intermediates
 lllanln pfocuraofat____
non enzymatic 
polymerization
Lignrns
Biochemical Pathways of Lignin Synthesis
Ph
en
ylp
ro
pa
no
id
 
pa
th
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y 
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m
ic 
ac
id 
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APPENDIX 3
The formula used for calculating OD values:
{ {0Denz - 0Dbu - 0Dsam) x {Volef (ml) ^ 0.2 ml} f FW (g) . 
where:
0Denz is the optical density measured with 0.2 ml enzyme
fraction in 2.8 ml phosphate buffer;
ODbu is the optical density measured with 0.2 ml ddH20 in 2.8 
ml phosphate buffer;
0Dsam buffer is the optical density measured with 0.2 ml 
enzyme fraction in 2.8 ml ddH20;
Volef(ml) is the volume of the enzyme fraction obtained;
FW is fresh weight of samples (g).
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Table. 1A Germplasm compositions of southern highbush 
blueberry cultivars.
Cultivars Self-fruitful 
corymbosum
Self
darrowi
-unfruitful
ashei angustifolium
Sharpblue 54% 31% 13% 2%
Gulfcoast 72% 25% 3%
O'Neal 73% 6% 6% 14%
Avonblue 87% 6% 6% 1%
Flordablue 62% 25% 13%
Blue Ridge 72% 25% 3%
Cape Fear 72% 25% 3%
Georgiagem 71% 25% 4%
Cooper 72% 25% 3%
Reveille 85% 6% 3% 3%
3% tenellum
Bladen 85% 6% 3% 3%
3% tenellum
Misty 81% 9% 6% 1%
3% tenellum
Adapted from Lang (1993).
APPENDIX 5
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Fig. 1A 'Sharpblue' fruit longitudinal sections shown 
ovules: A) in an unopened flower containing un-fertilized 
ovules in ovaries; B) in a 15-day un-pollinated berry shown 
the traces of aborted ovules.
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